CO New 


Mobile Handbook 


by 


William |. Orr, W6SAI 
Contributing Editor, CQ 


Published by 
Cowan Publishing Corp. 
67 West 44th Street, New York 36, N. Y., U.S.A. 


© 1956 by Cowan Publishing Corp. 
Pan-American and International Copyrights Pending 


Translation Rights Reserved 


Second Edition . Printed In U.S.A. 


Mobile Handbook 1 


CHAPTER ONE Gi oa ee eet 
Automotive ignition: System.) 82 oe eee (ee 6 
Ignition system: Regulators: 2.0 co Oe iL 
Regulator Adjustment ...0 0 8 2 ve 
Care ofthe Car Battery: 22 2 
The Ignition System. 20 oe ee SE 
Aiternator Systems. kee ae Se pee |3 
CHAPTER TWO) 7 ee ee 
Mobile Power Supplies 2. 
Wontro Gitcuis Gk ee ee eee ae 
CHAPIER THREE 0 ea ee 34 
Mobile Receivers ecernetigis pcisep tata oat Alle Acer ee ae rr rrr 
| Methods of Rec optied) re ene eee Bee 36 
A Fixed-tuned Converter for 80-40 Meter Operation. 8D 
A Fixed-tuned Converter for the "Command: Receivers 2. 43 
A Single-tube Tunable: Converter 2. 45 
Mobile Conversion of the SCR-274N Series ‘Command’ Receivers... 46 
A Two Meter Mobile Converter. 2) 50 
Ace oimple-Super for: |44-Mer 22 oe ee 54 
The W2AEF Converter-ettes wou a 60 
Six Bands-on the. tri-band: Converter 2) 3 ot ae oe 
S-Meter and Crystal Marker for Mobile Receivers 0 68 
The Nobaloop: 2 2 se a eOy 
Direction: Einding. 2 ee EO" 
BURPICR FOUR 0 ee ee 2 eis 
Ignition Noise Problems 22. 
The TNS Limiter Sa es 85 
Mobile Tranemittere? : eats eu 94 
Basic Roaiieneats sink Senet Denar oe meeer em 94 
Lows Brain Modulator <3 see : 97 
Screens Modulation 2220) Ser ee 98 
Gating= Modulation. 402 ee pee wa 99 
A:Practical Screen Modulation: Circuit, 22523 ite! 100 


2 


CONTENTS 


Mobile Handbook 


The W6MTY Screen—Modulated Transmitter 00 ey 
Speen Cupping tor Mobile Transmitter oor ee ee a OD 
_ A Clipper-Modulator for the Mobile Transmitter 00 00 104 


ee ro odicter (a ee Oe ee 105 
Moone sonversion ofthe “Command” transmitter 2 a 106 

Bee rm ang-pnone et a eee 114 

arm OIE LO ee eet ee et ea ee 117 

“The 28-28 and 28-9 Ten Meter Transmitters 0 WU Nae ean | 24 

eee ee Ost el 5 ee ee er oe ee |28 

ge ONVIETOCc eOmOO) {ec ed ae eS ep ee 138 

te Sldss- Modulator tor ‘Mobile Iransmitters-i0 0 2 ee 14 

Ee oimple. 2-Meter Mobile Transmitter. a eo 144 

A Midget 2-meter Mobile Transmitter 0. ccccccccccccessesssstevessnessteeee Pies a 146 
ree rare ee ae 148 

eo Band VEO Mobile transmitter 2 ee ey eo: 153 

Me ey Oe ee 160 

A 20 Watt VFO All-band Mobile Transmitter 0 Pree ee 162 

A Nereole oO Wott All-bond- Mobile. lransmitter. =. 222 se oe 166 
Mepis We ee Pa a eee ed ne |72 
RR es ea eee 176 
Beene singio-sideband: Equipment.) = 178 
Be one Prosing bransmitter. oe eee a ee 179 

A Filter-type SSB Transmitter made from a BC-453 ''Command"' Receiver 18] 

A 60-Watt SSB Mobile Transmitter Rie ee ene 187 
I eee 192 
5 GUSTS (EU PS aes Oe estar 9 a Mes Celine COREY ced peat URC eng og 194 
Peoenical Mobile Anteahas. 23 toe eae ek a ees 203 
Ne ee Ee ee 222 
Mobile Test Equipment (ee ae ioc eee es 224 
eer ty ee aon os ey a era Bea 224 
trecAniennascopec Fig SS Ree eae Tae ERS See 226 

Bee ole ett rower Supply cn ne a ee 234 

OS GE ERES (0) Po Gol | EERE Te Soe Bao BR Po UII roe Vac R ec 236 
Mobile Handbook 3 


Chapter One 


Automotive 
Ignition 


System 
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Automotive 
Ignition System 


The purpose of the battery-type ignition sys- 
tem is to furnish a spark to ignite the gas-air 
mixture in the cylinders of the automobile en- 
gine. A voltage of above 600) volts is required 
for this purpose. Figure / illustrates the com- 
ponents and hookup of a typical system using 
an ignition coil and a distributor. 

When the ignition switch is closed, the clos- 
ing and opening of th> engine-driven breaker 
points controls the flow of current into the 
primary winding of the ignition coil. This inter- 
rupted current creates and collapses a mag- 
netic field in the coil. This field induces a sec- 
ondary voltage which is stepped up to the 
required level and distributed to the correct 
spark plug at the right time by the distributer. 
The. distributor and breaker are driven by th> 
engine thru a gear arrangement, and their sssed 
of operation is controlled by the engine. 

The breaker condenser is of the order of 
0.25 ufd. Its purpos2 is two-fold: It regulates 
the collapse of current in the coil so that the 
proper amount of energy is developed in the 
spark, and it protects the breaker contacts 
from the oxidizing arc developed during opera- 
tion. A damped oscillatory wave of about 12 
ke. is generated by this action (Figure 2). 
Chapter 4 explains the effect of this wave as a 
source of ignition interference. 


The Generator 


As the source of charging energy is the gen- 
erator, let us first examine this component of 
the electrical system. While the precise connec- 
tions of generators in the various makes and 
models of cars vary one from the other, the 
following explanation is fundamentally true. 

The automobile generator is based upon the 
principle whereby a current flow in a conductor 
is induced by the influence of a moving mag- 
netic field. The conductor is the wire placed in 
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. A typical six cylinder ignition system. 
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in a slot in the armature (rotor) of the gen- 
erator. The magnetic field is created by the field 
coils and poles. Motion is introduced by the 
rotation of the armature. Thus the conductor 
is moved with respect to the stationary magnetic 
field. 

A conductor moving in a circular path will 
move past one field pole, then the other, but 
in the opposite direction. As a result of this 
apparent reversal of direction, the induced cur- 
rent in the conductor also reverses. Since a 
direct current is needed to charge the battery, 
the reversible current (alternating current) 
must be changed to d.c. In the automobile gen- 
erator this rectification is accomplished by the 
commutator. Here, collector brushes are located 
in such a position as to connect each conduc- 
tor in turn, one after the other, to the ex- 
ternal circuit at just the right time to rectify 
the generated a.c. wave. In this manner a direct 
current output is obtained from the generator. 

The maximum output voltage and current 
are controlled by the mechanical and electrical 
design of the generator, the speed of rotation 
and the strength of the magnetic field. Genera- 
tors are either gear or belt driven by the car 
engine so that their speed is directly controlled 
by the car speed; no other control of speed 
is required. 

The magnetic field in which the conductors 
rotate is produced by special soft iron poles 
placed on opposite sides of the armature so 
that the flux they create passes through the 
armature. Each pole is wound with field coils 
which become electromagnets, their magnetic 
strength being controlled by the amount of 
current flowing through the coils. This current, 
known as field current, bzcomes the main 
method by which the generator output may be 
regulated. 

Field current in any generator may be ob- 
tained from either of two sources: a separate 
source of supply such as a battery, or from 
the generator itself. In the first case the gen- 
erator is known as a separately-excited genera- 
tor, while in the second case it is known-as a 
self-excited generator. Figure 3 shows the cir- 
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cuit of- a separately-excited generator, and 
Figure 4 shows the circuit of a self-excited 
unit. 

As shown in Figure 5 the output of any 
generator may be controlled by field current. 
From this figure it can be seen that-a much 
larger value of output current would result 
from a high field current. The absolute maxi- 
mum capacity of a generator is limited by 
its design and the maximum strength of mag- 
netic field that can be obtained. In: practice, 
the maximum output is limited by the safe 
temperature at which the unit can be operated, 
since high output current means high armature 
and field currents, and high I’R heat losses. 

Since a self-excited generator supplies its 
own field current, it is obvious that with no 
output there is no field current, and with no 
field current there is no apparent output. This 
poses the problem of starting the generator 
to operate in the first place. The incongruity 
here posed has been resolved by the designers 
of the generator by the simple expedient of 
the use of proper materials. The metal selected 
for use in the field pole pieces is of such a 
nature as to retain a slight amount of mag- 
netism even though the field current has fallen 
to zero. In this manner some output is produced 
even for zero field current, producing a con- 
dition wherein the generator will build up to 
normal output levels without special attention. 

The usual rating of a car generator is of 
the order of 30 to 50 amperes. If the genera- 
tor is not properly controlled, or regulated, 
it can cause extensive damage to the automobile 
electrical system and the battery. The generator 
can also be burned out by lack of proper con- 
trol. 


Ignition System 
Regulators 


A shunt-wound generator, which is the type 
usually found in automobiles, has voltage and 
current characteristics that vary greatly with 


OUTPUT FIELD 


EXTERNAL SOURCE 


Fig. 3. Schematic of a separately-excited shunt 


generator. 
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Fig. 4. Schematic of a self-excited shunt gen- 
erator. ; 
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Fig. 5. The output of a self-excited shunt genera- 

tor is directly proportional to the field current. 

The maximum output is limited by the design of 
the generator. 


changes in generator speed and load (Figure 5). 
Voltage regulation limits the maximum gen- 
erated voltage to a preset value to prevent 
burned out lights and damage to the ignition 
system and electrical accessories. Current reg- 
ulation limits the maximum output current 
of the generator and protects the generator 
against excessive loads. A cutout relay is used 
as a reverse current switch for disconnecting 
the generator from the battery when the gen- 
erator output voltage is less than the battery 
voltage. This will prevent the generator from 
acting as a direct short across the battery, 
or in some cases behaving like a d-c- motor. 

Figure 6 shows a typical “three unit” voltage 
regulator incorporating these three above-men- 
tioned devices. Let us examine each one in 
turn: | 


The Voltage Regulator 


A two-brush shunt-wound generator is shown 
in Figure 7. The voltage produced by this 
generator is a function of the speed of arma- 
ture rotation and of the strength of the mag- 
netic field. Since the speed of rotation depends 
upon the speed of the car motor, voltage 
regulation must be accomplished by controlling 
the strength of the magnetic field. Since the 
strength of this field is proportional to the 
amount of current flowing through the field 
winding, it is practical to control the output volt- 
age of the generator by changing the resistance 
of the field circuit. This can be done by a field 
potentiometer, as was done in many of the 
older cars (Figure 8). In order to obtain auto- 
matic regulation a device is needed which 
will maintain a constant generator voltage 
regardless of car speed. A vibrator type regula- 
tor is commonly used for this purpose. It does 
the job by automatically inserting and re- 
moving the field resistance at very small voltage 
differentials (Figure 9). The contacts in such 
a voltage regulator may operate 200 times a 
second or more, inserting and removing field 
resistance. The contacts are actuated by a 
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Fig. 6. Control of the automotive electrical sys- 
tem is usually maintained through a ‘’3-unit’’ 
regulator. 
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Fig. 7. The most common automobile generator 
is a shunt-wound model with the field connected 
across the output. 
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Fig. 8. Voltage output from a_ shunt-wound 
generator may be controlled by a variable re- 
sistance in series with the field winding. 


voltage sensitive coil placed across the output 
of the generator. Some regulators also have 
a current coil, sensitive to changes in field 
current. When the output voltage rises above 
a certain amount the coil actuates the regula- 
tor contacts which open, placing the series 
resistor, R, in the field circuit. This drops 
the voltage output of the generator. By proper 
adjustment of the spring of the voltage regula- 
tor, the cutout voltage setting of the regulator 
_ may be accurately set. 

The actual field current flowing during 
regulator operation is shown in Figure 10. It 
can be seen that the average value of field 
current could be regulated by changing the 
spring tension on the regulator arm. This will 
change the rate of opening and closing of the 
resistor shunting circuit. | 


The Current Regulator 


Current regulation of a two-brush shunt- 
generator is accomplished in much the same 
manner as is voltage regulation. Figure IJ] 
shows a typical current regulator. A resistance, 
R, is placed in series with the field winding, 
and is intermittently inserted and removed 
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from the circuit by a vibrating regulator. The 
current regulator coil, however, is inserted 
in series with the generator load and is sensi- 
tive to load currents, rather than to genera- 
tor voltage, as was the coil of the voltage 
regulator. This current regulator coil is com- 
posed of a few turns of heavy wire, and — 
carries the full generator output current. When 
the load current is heavy enough, the magnetic 
pull of the coil will overcome the spring ten- 
sion and the regulator contacts will open, in- 


serting a regulating resistor into the field circuit 


of the generator. This will drop the generator 
output current. The current reduction de- 
creases the magnetic pull of the coil and the 
relay spring closes the contacts. This action — 
may take place from two to fifty times a 
second. The result is fairly smooth current 
regulation. 


The Cutout Relay 


The purpose of the cutout relay is to con-— 
nect the generator to the battery when the — 
generator voltage is greater than the voltage of 
the battery, and to disconnect the generator 
from the battery when the generator voltage 
is less than the voltage of the battery. Figure 
12 shows the schematic of a cutout relay. A 
spring holds the relay contacts normally open. 
The coils S and V actuate the relay to open 
and close the contacts. Coil V is a voltage coil 
composed of many turns of wire. It is adjusted 
to close the contacts when the generator voltage 
is slightly higher than the battery voltage. 
The generator current, flowing through coil S, 
made of a few turns of heavy wire, adds the 
pull of this coil to the pull of coil V. As the 
generator voltage falls below the battery volt- 
age, the current flowing through coil S reverses — 
its direction and coil S bucks coil V and reduces ~ 
the total coil pull enough so that the spring 
force is sufficient to open the contacts, discon- 
necting the generator from the battery. 


A Combined Voltage and Current 
Regulator Unit 


The two brush generator requires both volt- 
age and current regulation, as described above. 
This dual need is met by a single device. 
with the current and voltage regulator relays 
mounted on one base. The cut-out relay may 
also be mounted on the base. Figure 13 shows 
the active circuit for the three relay unit. To 
follow the sequence of operation, it should be 
kept in mind that the voltage and current reg- 
ulators never operate at the same instant. 
Figure 14 shows a typical regulator layout 
and connections into the electrical system of 
the automobile. 


Complete Regulator Operation 


Assume the voltage regulator is set for 7.3 
volts, and that the current regulator is set for 
20 amperes. The operation will follow this 
sequence: | 


1. The car engine is started. 

2. The engine speed is increased, the gen- 
erator voltage increasing simultaneously. 

3. When the generator voltage reaches 6.3 
volts, the cutout contacts, Co, close, al- 
lowing the current from the génerator 
to charge the battery. 

4. When the generator voltage reaches 7.3 
volts, the voltage regulator contacts, Vr, 
Operate and maintain generator voltage 
at 7.3 volts, plus or minus 0.15 volts, 
regardless of the car speed or generator 
load. 

5. If the generator load current exceeds 20 
amperes because of a low battery or ex- 
cessive load from headlights or elec- 
trical accessories, the current regulator 
contacts, Cr, operate and limit the gen- 
erator current to 20 amperes regardless 
of generator speed. The remainder of the 
load current is supplied by the car 
battery. 

6. When the engine speed falls below about 

8 miles per hour the cutout contacts 
open and disconnect the battery from 
the generator. 


Regulator 
Adjustment 


The addition of radio equipment to an 
automobile means that the electrical system of 
the car will be called upon to deliver some 
15 to 50 amperes during transmission periods, 
and perhaps 10 amperes during receiving pe- 
riods. This assumes that indirectly heated tubes 
are used and that the car broadcast receiver 
iS used in conjunction with a converter. The 
regulation devices in the car are usually not 
adjusted to take this magnitude of load and 
continued use of the mobile equipment may 
soon result in a discharged storage battery. 
However, by properly adjusting the current 
and voltage regulators in the automobile a 
power load of this order can be safely handled 
with no danger to either the automobile bat- 
tery or the charging equipment. 


Adjustment of the Cutout Relay 


Proper adjustment of the cutout relay 
may be made by measuring the voltage be- 
tween the “GEN” terminal of the regulator 
and ground with the engine idling. This voltage 
will be anything between zero to about five 
volts. Slowly increase engine speed, noting 
the voltage at which the cutout relay closes. 
This should be in the range of 6.0 to 6.5 
volts. Adjust the spring tension of the cutout 
relay (if necessary) to obtain this reading. 
Increasing spring tension raises the reading, 
decreased tension lowers it. 


Adjustment of the Current Regulator 


Proper setting of this relay, usually the cen- 
ter one of the three relays and wound with 
heavy wire, can be done by inserting an am- 
meter between the “GEN” terminal of the 
regulator and the “A” terminal of the genera- 
tor. Adjust the spring tension of the current — 
relay to cause the relay to open at the rated 
current Output (see nameplate) of the genera- 
tor. Increasing the spring tension raises the - 
Opening current. Some regulators have ad- 
justment screws for tension adjustment, others 
require bending of the tab to which the spring 
is fastened. Bend this very carefully and 
very little at one time. When you have this 
adjustment correct, the generator will charge 
to its maximum capacity without exceeding 
its safe operating limits. During the above 
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Fig. 9. The usual automotive practice is to con- 

trol the voltage output by inserting a fixed re- 

sistance in series with the field. The insertion or 

removal of the resistance is performed automati- 

cally by a voltage sensitive relay connected 
across the generator output. 
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Fig. 10. Oscilloscope pattern of the field current 

of a generator with the current regulator in 

operation. The rate of change may vary between 
30 and 200 times per second. 
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Fig. 11. The current regulator circuit is essentially 
the same as the voltage regulator with the excep- 
tion that the relay coil is in series with the output. 
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Fig. 12. The cutout relay consists of a dual 
winding coil with the relay reacting to both cur- 
rent and voltage. Normally the coils act together 
to hold the relay closed. When the generator 
voltage falls below a certain level the current 
through coil ’’S” will flow in a reverse direction, 
bucking the current (and pull) of coil “V” allow- 
ing the spring to pull the relay open. 
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Fig. 13. Active components in a “3-unit’’ reg- 
ulator. 
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Fig. 14. Pictorial schematic of a typical regulator 
installation in most automobiles. 
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operation the armature of the voltage regula-- 
tor should be held open so that it cannot be 
operated by its magnet. 


Adjustment of the Voltage Regulator 


The usual voltage regulator setting is barely 
high enough to keep the automobile battery 
fully charged under normal circumstances. — 
The regulator is set at the factory to reduce 
the charging current to zero when the battery is 
not quite fully charged. With this adjustment — 
the generator will not charge to full capacity 
until the battery drops to a half-charged condi- 
tion. The battery will seldom rise above this 
point with ordinary city driving because of the 
tapering effects of the regulator. By adjusting 
the spring tension on the voltage regulator the 
“fully charged” current may be raised. If the 
regulator is adjusted to deliver about 10 amperes 
to a fully charged battery, the normal use of the 
mobile equipment will adjust a higher level of 
equilibrium and the battery will remain nearly 
fully charged at all times. On long trips, how-— 
ever, if the mobile equipment is not used to 
compensate for this higher charging rate it 
may be necessary to turn on the radio or head- 
lights to prevent overchaging of the car bat- 
tery. For the usual city driving of short dura- 
tion this is not necessary. “ 

The following are the adjustments to in- 
crease the charging rate. Be sure your battery 
is fully charged before making these adjust- 
ments: 


1. Wedge the armature of the current coil 
so that it is inoperative. 

2. Speed the engine and note at which cur- 
rent point the action of the voltage reg- 
ulator levels off the charging current. 
(The current should be measured on 
a 0-50 d.c. ammeter placed in series 
with the heavy charging lead from the 
battery to the generator.) 

3. Adjust the spring tension on the voltage 
regulator relay until this levelling action 
occurs at a charging rate of 10 amperes. 
Make this adjustment carefully, chang- 
ing the spring tension slowly. This level- 
ling action occurs at a charging voltage 
of 7.2-7.3 volts. 

These adjustments should only be done 
after the underhood temperature is up to nor- 
mal. Most regulators have temperature com- 
pensating hinges and all adjustments must be 
made with the regulator at operating tem- 
peratures. 

Correct setting of the voltage regulator 

will be denoted by a specific gravity reading 
of 1.250 to 1.275 of the battery at all times, 
and by little use of water. Under ideal condi- 
tions the car ammeter needle should move to 
full charge immediately after starting the car, 
and remain there for perhaps five minutes, 
then fall to a minimum charge determined 
by the spring adjustment described above. 

Operate the vehicle for a week or so, then 


check the specific gravity of the battery again. 
If it is in the range of 1.250 to 1.275, and 
the dashboard ammeter behaves as described 
above, the job is finished. If the gravity is 
too low, recheck the leveling action, and per- 
haps adjust it at a slightly heavier rate, say 
12 amperes. 


Care of the 
Car Battery 


The operation of the automotive type stor: 
age battery is a chemical reaction involving 
lead, lead oxide and sulfuric acid. During 


discharge the above components recombine - 


to form lead sulfate and water.. The water 
formed dilutes the sulfuric acid electrolyte, 
thus reducing the specific gravity of the cell. 
On charging, the chemical reaction is re- 
versed. When the battery is overcharged be- 
yond the point necessary to complete the 
chemical reaction, the water content of the 
electrolyte is reduced by electrolytic decom- 
position. Hydrogen is liberated at the cathode 
while oxygen is liberated at the anode; both 
of these gases bubble from the liquid and 
are lost, thereby necessitating the water ad- 
ditions. 

The capacity of a battery to store electri- 
cal energy is controlled by the quantity of 
ingredients available for chemical reaction: 
1.e., the size and number of plates. The ability 
of the battery to deliver high rates of current 
flow is limited by its internal resistance. This 
is proportionate to the plate area. Thus it 
can be seen that the larger physical-sized 
units store more energy and can deliver it 
at higher rates than smaller units. 

It must be borne in mind, however, that 
even a large size automotive-type battery stores 
a surprisingly small amount of energy. For 
_ example, a fully charged De Luxe battery of 
120 ampere-hour rating would operate the 
modern car with its high electrical load only 
about 1 to 2 hours before becoming. ex- 
hausted. This dramatically illustrates the fact 
that, in your car electrical system, the battery 
really plays a relatively unimportant part since 
without charging equipment its life would be 
Woefully inadequate. . 

The greatest portion of battery failures occur 
during cold weather. The reason for this can 
be readily seen by referring to Figure 15. 
This curve shows the effect of temperature 

on battery capacity. 

The first 20° F. day of fall reduces the 
capacity of your battery to approximately 
2/3 of normal. Further, if your battery was 
only half charged to begin with, this capacity 
falls to only about 20% of normal! This 
reduction can be seen from the curves of 
Figure 16. The obvious moral of. this story 
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Fig. 15. Battery tempercture has a pronounced 
effect upon battery capacity. This graph shows 
the decrease in capacity as related to temperature. 
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Fig. 16. The effects shown in Fig. 15 were 
measured for a fully charged battery. If the 
battery has only a partial charge the effects of 
low temperatures may be even more disastrous. 
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Fig. 17. The voltage regulator setting has an 

important influence on battery life. Too high, or 

too low, a setting may result in a substantial 
loss of battery life. 
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Fig. 18. Simplified ignition circuit. 


is—keep your battery fully charged at all 
times. 

In addition to the ability of the battery to 
crank your car at any given moment, the 
correct state of charge has an important in- 
fluence on the life of your battery as illustrated 
in Figure 17. Here it can be seen that either 
too high a regulator setting causes under- 
charge or sulfation, reducing battery life about 
50%. 

Recently, a major battery manufacturer 
made a survey of junked car batteries to de- 
termine the cause of failure. The results of 
this survey are given in the table below: 


Still Serviceable 13% 
Overcharged 55% 
Sulfated 18% 
Cracked Separators 3% 
Container Failures 10% 
Manufacture Faults 1% 


Examination of this table reveals the follow- 
ing fact: that 68% of the batteries checked 
failed as a result of malfunction of the other 
components of the car -electrical system; a 
cause that could have been readily avoided by 
adequate maintenance. Your part in this effort 
is to keep the battery water level as called for 
by the manufacturer, to keep the battery clean 
and properly fastened in its carrier, and finally, 
to keep the charging equipment in proper ad- 
justment. 


Battery Maintenance 


1. The electrolyte in the battery should be 
maintained at the proper level. It should 
be checked at least once a month in win- 
ter, every two weeks in summer, or 
every 1000 miles. 

Do not overfill the battery. 

The charge of the battery should be 
checked frequently with a hydrometer. 
The state of charge is indicated by the 


WN 


reading: 

1.250-1.300 Fully charged 
£3225 Half charged 
1.150 Very low 
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4. A fully charged battery will not freeze — 
in temperatures usually encountered. A 
battery with 1.150 specific gravity will 
freeze at 5° F., and a battery with 1.100 ~ 
specific gravity will freeze at 18° F. : 

5. The terminal connectors of the battery 
should be removed, cleaned and inspect- 
ed regularly. The connections must be se- 
cured tightly when replaced, or excesive- 
ly high generator output may cause dam- 
age to the ignition system. 

6. Apply a coat of vaseline or petroleum 
jelly to the terminal connectors of the — 
battery to protect them from corrosion. 


the Ignition 
Circuit 


The ignition circuit of the automotive elec- 
trical system is briefly shown in Figure I. A 
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Fig. 19. Analysis of the secondary waveform. | 


simplified secondary circuit comprising the 
high voltage system is shown in Figure 18. The 
pulsating primary voltage developed by the 
distributor points opening and closing is trans- 
formed in the ignition coil to a level of about 
20,000 volts. This voltage is passed through a 
simple series circuit to the distributor. The dis- 
tributor and breaker points are located in a~ 
phenolic inclosure and are driven from the 
engine crankshaft. 

The secondary circuit voltage is illustrated 
in Figure 19. The correct spark plug is chosen © 
by distributor action, and the secondary volt- 
age rises rapidly, reaching peak value in about 
.006 second. As this voltage increases, it even- 
tually reaches a potential sufficiently high to 
break down the spark plug gap, causing an arc 
to strike. The arc-striking voltage may vary 
from 2000 to 15,000 volts depending upon 
leakage losses in the secondary circuit, and 
the age and condition of the plug. The strik- 
ing voltage is also a function of the amount 
of compression created by the motor. Once the 
arc is struck, however, it requires only a 
small voltage to maintain it, usually about 1500 


volts. The voltage curve of Figure 19 drops 
rapidly from the peak level to the 1500 volt 
firing level (line A-B). The arc current. con- 
tinues to flow across the spark plug gap, 
finally going out at point “B,” corresponding 
to about 10° of crankshaft rotation from the 
starting point. A series resonant oscillation re- 
sulting from the abrupt cessation of current 
flow now occurs in the secondary circuit. The 
frequency of osillation is a function of the 
secondary inductance of the ignition coil and 
the residual circuit capacity. 

A second transient is created when the 
distributor breaker points close, lasting about 
one-half the period that the points are closed. 
This period is referred to as the dwell angle. 

The purpose of the ignition coil is two- 
fold: First, it converts battery stored energy 
to magnetic stored energy during the dwell 
period. Second, it converts the magnetic stored 
energy to a high voltage sufficient to arc across 
the spark plug, thereby creating heat energy 
to fire the fuel. 

The ignition condenser also serves a dual 
purpose: First, it balances the inductive effect 
of the coil so that the coil-condenser com- 
bination appears as a resistive load, thereby 
reducing or eliminating arcing at the breaker 
points. Second, it causes a rapid decay of 
primary current and therefore a high rate of 
decay of magnetic field strength, which pro- 
duces a very high secondary voltage. 

Occasionally, due to the condition of the 
spark plugs, engine factors, etc., the spark may 
actually strike and quench several times during 
its life. Should this occur, high frequency har- 
monics are generated each time the arc re- 
strikes thereby seriously complicating the ra- 
dio noise pattern of the ignition system. 


Alternator 
Systems 


Fig. 20. The Leece-Neville 600 watt mobile al- 
ternator. Cutaway view, showing important parts. 


THE BASIC ALTERNATOR SHOWING THE SIX PAIRS OF POLES ON 
THE ROTOR AND THE THREE BASIC STATOR LOOPS. THE TWO 
DARKENED POLES MAY BE CONSIDERED A PAIR. 


Reevolirion | 
0° 480° 3 


A. VOLTAGE INDUCED IN_ONE LOOP BY A 
SINGLE PAIR_OF POLES ON THE ROTOR. 
IN THIS CASE THE POLES ARE 180° APART, 


0° 360° 


B. VOLTAGE INDUCED IN ONE LOOP BY SIX PAIRS OF POLES ON 
THE ROTOR DURING ONE REVOLUTION. 


\ VOLTAGE INDUCED IN THE THREE LOOPS BY THE SIX PAIRS 
< oF POLES SHOWING THE 120 DEGREE PHASE RELATIONSHIP. 


Fig. 21. 


The automobile electrical system presents 
many problems when an attempt is made to 
Operate radio equipment of more than mini- 
mal power requirements. Mobile alternators 
have provided a convenient way to increase 
primary power with a minimum of complica- 
tions. 


Theory of Operation 


Mobile alternators produce low voltage, high 
current three-phase a.c. power. This power is 
then rectified and may be used to charge the 
battery, and to run accessories and radio equip- 
ment. 

Figure 20 shows the inside of a Leece Neville 
alternator. In this unit, excitation is applied to 
the brushes, which in turn excites the rotor. 
The low excitation current, which is collected 
by smooth sliprings, eliminates hash generation. 
The rotating field then generates the a.c. in the 
stator windings. Hence the output is not com- 
mutated, but rectified by a metallic rectifier. 

Figure 2] illustrates the theory of the a.c. 
alternator. If the rotor contained a single pair 
of poles (indicated in black) only one cycle 
would be generated during one revolution in 
any one loop. In the Leece Neville alternator 
there are six pairs of loops on the rotor. There- 
fore during one revolution six cycles will be 
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Fig. 22. Complete circuit for Leece-Neville system. 
Special attention should be paid to polarity of 
components. 


generated in one loop. Now if loops 1, 2, and 
3 are 120 degrees apart the voltages induced in 
these loops will be 120 degrees out of phase 
with each other. This unit is called a three 
phase alternator because it produces three sep- 
arate a.c. voltages. 

Units are available which produce 7 volts at 
95 amps, or 14 volts at 50 amps. See Figure 23 
for ratings. 


_ Rectification 


The a.c. generated is rectified by a mag- 
nesium copper sulfide dry-disk metallic rectifier. 
This rectifier operates well at high temperatures, 
whereas the more expensive selenium rectifiers 
used in the 14-volt systems are more heat- 
sensitive, but more efficient. As these rectifiers 
are not affected by under-hood temperatures 
under 200°F, they may be mounted on the 
engine near the alternator. Since the a.c. is fed 
into a rectifier, the rotor of the alternator may 
be turned in either direction. Therefore the 
polarity of the rectified output is independent 
of the direction of rotation. Also, the positive 
or negative side of the rectifier output may be 
grounded to provide a positive or negative car 
ground. It should be noted that in connecting 
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a rectifier to a battery, the polarities of each 
must correspond. A reversed connection will 
result in damage to the rectifier as excessive 
current will be discharged through it by the 
battery. With positive to positive, and negative 
to negative, the rectifier will block any discharge 
current when the engine is not running. — 


Regulation 


Voltage and current regulation are easily 
achieved with the Leece-Neville alternator. The 
excitation voltage applied to the rotor deter- 
mines the output of the alternator. Hence it is 
necessary. to regulate the excitation voltage. 

Voltage regulation is obtained by double con- 
tact regulators, shown in Figure 22. These 
regulators, patented by the Leece-Neville Co., 
operate within a narrow voltage range, decreas- 
ing the danger of burned out filaments in mobile 
gear. Arcing is reduced at the regulator as 
smoother regulation can be obtained. 

When the moving arm of the voltage regulator 
(Fig. 22) is on the upper contact, full voltage 
is applied to the exciter winding. As the voltage 
increases slightly, the voltage regulator coil, 
which is connected across the output, is just 
strong enough to pull the arm off the top con- 
tact, but not to the bottom position. The voltage 
applied to the exciter winding is then reduced, 
due to the point resistor RJ. Should the voltage 
tend to further increase at high speeds the 
voltage coil is able to pull the moving arm to 
the bottom contact which shorts out the exciter 
winding. Therefore at slow speeds the arm will 
vibrate on the upper contact, and at high speeds 
on the lower contact. 

The current regulator protects the alternator 
and rectifier by limiting the current output of 
the alternator. The coil of the current regulator 
is connected in series with the ungrounded side 
of the output circuit. When the current ex- 
ceeds the rating of the unit the coil pull will be 


AMPERES OUTPUT 


400 800 4200 4600 2000 2400 2800 
ALTERNATOR RPM 


Fig. 23. Current output vs. rpm for the two 
popular voltages in Leece-Neville units. 


strong enough to cause the moving arm to 
vibrate, inserting enough resistance in the field 
to limit the output to the proper level. 

The load relay, which is energized by the 
ignition switch, disconnects the alternator sys- 
tem from the battery when the car is not in use. 

It should be mentioned at this point that a 

_ distinct advantage of these alternators is their 
high output at motor idling speeds. Forty-five 
amperes may be generated while idling, which 
is extremely useful during active communica- 

tion (Figure 23). 


Maintenance 


A minimum of maintenance is necessary as 
the alternators are ruggedly constructed. The 
bearings are of the sealed ball bearing type 
which require no lubrication, and which may 
be replaced if necessary. Likewise, the rotor 
field coil, the rotor shaft, the slip rings, and the 
brushes may be easily replaced if damaged. 
The brush life of an alternator, however, is 
much longer than that of a generator as a result 
-of the low current commutation. Since all 
moving parts may be replaced the alternator 
may be used in the lifetime of many cars. 
Wiring harnesses are available for the Leece- 
Neville alternator which may be obtained from 
the company. If an installation is to be made 
without a harness, good automotive cable 
should be used that will stand up under engine 
temperatures and will be of sufficient size to 
carry the full output of the system. The com- 
plete installation schematic is shown in the 


Fig. 25. The components of 
the Leece-Neville Installa- 
tion. At the left is the dry- 
disc rectifier used for charg- 
ing the car battery from the 
a.c. supply. Above it is the 
voltage regulator for use 
with the rectifier. At the 
right is the a.c. belt-driven 
alternator. 


Fig. 24. Pictorial view of 
Leece-Neville Alternator In- 
stallation. 


pictorial photograph above, (Figure 24). 


Alternator Summary: 


It may be more clearly understood now that 
mobile alternators have certain outstanding ad- 
vantages with respect to other systems: 

1. Smaller physical size, greater power out- 


put. 

2. No high current commutation, no arcing, 
no hash. 

3. Rotation reversible; positive or negative 
car ground. 


4. Smooth voltage regulation, reduced arc- 
ing at contacts. 
5. Good output at idling speeds. 
6. Exceptionally long life. 
With the increasing availability of these units 
they are becoming very popular in amateur 
mobile installations. 


110-Volt A.C. Systems 


The a.c. output of the alternator may be 
stepped up to 110-volts by means of suitable 
transformers, and conventional electrical equip- 
ment may be run directly from the system. This 
is a very important feature of the rectified a.c. 
system, since the initial high cost of the alter- 
nator may be partially offset by the elimination 
of the dynamotors and vibrator supplies usually 
needed to provide plate potentials for the radio 
equipment. Ordinary good quality 60 cycle 
transformers will work well when connected 
to the alternator, in spite of the higher fre- 
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quency output of the alternator. Typical a.c. 
systems are discussed in Chapter 2 of this 
Handbook. The alternator system of W8GGG 
is shown in Figure 26. 


Three Phase Mobile Supply 


The three phase output from a Leece-Neville 
system may be employed to provide some 300 
watts of power, in addition to the job of charg- 
ing the automobile battery. Power levels of 600 
watts or so require special three-phase trans- 
formers, whereas the 300 watt level may be 
utilized with the aid of some 6.3 volt filament 
transformers. Each phase of the alternator is 
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employed to excite one filament transformer 
that is connected up “backwards”. That is, 
the output of the alternator is applied to the 
filament winding, and the high voltage is taken 
from the 110-volt “primary”. This 3-phase 
output is passed through a group of full- 
wave selenium voltage doublers, and the d.c. 
outputs of the three full-wave systems are 
connected in series to provide a high voltage 
supply of 750 volts at a current drain of 400 
milliamperes. Because of the high ripple fre- 
quency of the 3-phase supply, no additional 
filtering other than the condensers in the in- 
dividual voltage doubler circuits is required. 


Fig. 26. The Leece-Neville installation of W8GGG. 
The alternator is in the lower left of the pho- 
tograph. The rectifier is located in front of the 
radiator, directly behind the grille of the car. 
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Mobile 
Power Supplies 


Unlike fixed equipment, mobile transmitters 
must be designed to fit specific power supplies. 
Mobile supplies, such as dynamotors or vibrator 
packs provide fixed voltages at certain current 
limitations. One cannot add an input condenser 
to the filter supply to boost the available voltage, 
or merely put in a larger power transformer to 
supply more current. A change of supply volt- 
age in mobile work usually necessitates a com- 
pletely new source of power. This is expensive, 
so it is necessary to design the mobile equip- 
ment around some rather standardized voltages 
and currents that are readily available. 

Two popular sources of high voltage supply 
are the dynamotor and the vibrator supply. Let 
us examine each of these sources of supply, and 
determine under what circumstances it is wise 
to use each of them. 


VIBRATOR POWER SUPPLIES 


The basic design of a vibrator type power 
supply consists of a common a.c. operated sup- 
ply, with an interrupted d.c. primary voltage 
supplied by a battery and a chopper. The 
chopper (or vibrator) makes and reverses the 
primary circuit of the power supply about 100 
times per second. The alternating field produced 
in the power transformer primary circuit in- 
duces a square wave alternating voltage in the 
secondary windings. This voltage may be 
rectified and filtered as in the usual high voltage 
supply. 

Two types of vibrators are in common use. 
The simplest is the non-synchronous type, illus- 
trated in Figure 1. Upon application of battery 


Fig. 1. Wiring schematic of 
a non-synchronous vibrator 
power supply. Note that the 
entire unit must be thorough- 
ly shielded for maximum 
“hash” suppression. 
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power the vibrator magnet coil is energized 
and pulls the flexible reed towards contact 3. 
This contact produces a pulse of voltage in one 
half of the transformer primary winding. At 
the same time, the magnet coil is short circuited 
by the contact and the magnet is de-energized, 
allowing the reed to swing back and touch con- 
tact 2. This contact causes a pulse of voltage in 
the other half of the primary winding. Simul- | 
taneously, the magnet coil is energized, causing 
the cycle to repeat itself. The TZ secondary 
output voltage is shown in Figure 2. — 

The second type of vibrator (Figure 3) is the 
synchronous type, equipped with double con- 
tacts. The second set of contacts, operating on 
the high voltage secondary, act to rectify the 
secondary square wave voltage. This mechanical 
rectifier eliminates the high voltage rectifier 
tube. The positive high voltage is taken from 
the transformer center tap, and the transformer 
windings must be correctly polarized. — < 

For either type of vibrator a buffer condenser 
is needed across the full secondary winding. 
This condenser absorbs the inductive surge of 
the power transformer and reduces sparking at — 
the vibrator contacts. The correct value of this © 
condenser is the one which results in the lowest 
value of primary current drain when the vibra- 
tor supply is operating under full load. The © 
condenser should be rated at 2000 volts d.c. for 
the usual 300 volt supply. A 5000 ohm 1 watt 
resistor should be placed in series with the 
condenser to protect the transformer and vibra- 
tor in case of failure of the condenser. 


Vibrator Noise Suppression 


A vibrator supply is a prolific r.f. noise gen- 
erator. The commercially manufactured vibra- 
tor supplies are carefully filtered and shielded 
to minimize this noise. A home made supply 
should have the following included for maxi- 
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Fig. 2. The voltage waveform in the transformer 

secondary circuit appears to have the shape indi- 

cated above when the timing capacity is properly 
sef. 


mum suppression of noise: 


1. The supply should be built on a metal 
chassis with a bottom plate. All un- 
shielded components should be mounted 
beneath the chassis. 

2. Primary and secondary r-f filters should 
be used, consisting of chokes and low 
inductance condensers. 7 

3. The vibrator shell and transformer case 
should both be securely grounded to the 
chassis. A metal rectifier tube should be 
used. If a glass tube is used, it should 
have a grounded tube shield placed over 
it. 

4. The primary supply leads should be 
twisted and shielded, with the shield 
grounded at each end of the leads. 

5. The chassis of the supply should be 
grounded to the car. 

A schematic of such a supply is shown in 
Figure 1. The operating characteristics of a 
typical vibrator supply (Mallory VP-552) are 
shown in Figure 4. 


Operating Tube-Rectifying Vibrator Power 


Supplies on 115 Volt AC Lines 


Some vibrator transformers are equipped 
with a special 115 volt primary winding. If the 
vibrator is removed, the supply may be used on 


115 volts, a.c. The additional winding is ex-. 


pensive and takes up room on the transformer 
core, so most vibrator transformers do not have 
it. The absence of this winding, however, does 
not prohibit the use of the vibrator supply on 
an a-c line. If a step-down transformer which 
will supply 10 volts a.c. at the load current re- 
quired is available, easy adaptation of standard 
6-volt tube-rectifying vibrator power units will 
be possible. The 10 volts a.c. is applied to the 
vibrator transformer across the entire primary 
winding by removing the vibrator and inserting 
an adaptor having the 10 volts connected to the 
two small pins of the standard vibrator base, 
or to the equivalent pins of an unconventional 


base, if one is used. The value of 10 volts is 
used instead of 12.6 volts, because of the dif- 
ference in waveform between the sine-wave a.c. 
and the square wave d.c. The tube heaters may 
be run from the 10 volt source through a suit- 
able dropping resistor. A 20 volt transformer 
should be employed for operation of a 12 volt 
vibrator supply from an a-c source. ; 

The operation of a vibrator supply on an a.c. ~ 


line is a great help during the testing and trial 


runs of new equipment. 


A VIBRATOR SUPPLY USING 
SELENIUM RECTIFIERS 


A novel and highly efficient vibrator supply 
may be built using a selenium rectifier in the 
place of the usual high voltage vacuum rectifier 
tube. The selenium voltage doubler has several 
advantages over the tube rectifier which make it 
very worth while for mobile use: 

1. In a typical vibrator supply, such as 
shown in Fig. J, only half the transformer 
is in use at any one time. It is possible 
to make full use of the transformer by 
using the half-wave doubler circuit shown 
in Fig. 5. The secondary winding of such 
a transformer requires only 70% of the 
space required for the equivalent output 
from a center tapped full wave secondary 
winding. 

2. The use of selenium rectifiers offers im- 
proved voltage regulation, as compared 
with vacuum rectifiers, since the forward 
resistance of the selenium rectifier is 
extremely low. The regulation of this 
supply, compared to a vacuum tube recti- 
fier supply is shown in Fig. 6. 


Components 


The special vibrator transformer used in this 
supply has a high voltage winding rated at 160 
volts and 100 milliamperes. A tapped primary 
winding is provided for either 6 or 12 volt op- 
eration. A separate winding allows 115 volt a.c. 
operation. Filament voltage for a.c. operation 


Fig. 3. The synchronous vibrator power is self- 
rectifying due to the use of a double set of 
vibrator contacts. Through proper polarization 
of the transformer windings this mechanical 
rectification is possible. 
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INPUT AMPERES 


OUTPUT MILLIAMPERES 


Fig. 4. This family of graphs shows the operating 
characteristics of the VP-552 Vibrapack. 
(Courtesy P. R. Mallory & Co.) 


SR 5H, 4OOMA 
20.1. os ——— +300V 


% — ADJUST FOR MINIMUM PRIMARY CURRENT AT MAXIMUM 
SECONDARY LOAD. USE 1KV CONDENSER, 


SR — INTERNATIONAL RECTIFIER CO. ~*RS400 
Fig. 5. Voltage-doubler selenium rectifier circuit 
suitable for mobile application. 


is provided by a 6.3 volt tap on the “d.c.” pri- 
mary winding. This tap is used only when the 
supply is run on alternating current. 


Vibrator Life 


Vibrator life is usually a compromise be- 
tween output and the effects of heating and 
sparking at the contacts of the vibrator. The 
proper secondary buffer condenser is extremely 
important in obtaining maximum vibrator life. 

For mobile transmitters, where the “off” 
period is large compared to the “on” period, 
overloads of 50% or so seem to do little harm 
to the vibrator. Several heavy-duty vibrator 
units are on the market for the amateur who 
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is interested in building his own vibrator 
supply. The Radiart 5506 is rated for 60 watts 
continuous duty (6v.) and the Mallory 6VL10 
may be used at loads up to 125 watts in inter- 
mittent duty (6v). In a suitable voltage 
doubling circuit, this vibrator can supply 500 
volts at 200 ma., and 250 volts at 100 milliam- 
peres simultaneously. The high voltage may be 
used to run the r.f. amplifier and modulator 
of a 50 watt transmitter, and the low voltage 
may be used to supply the speech amplifier 
and r-f exciter stages... 


DYNAMOTORS 


A dynamotor is a motor driven d-c generator 
which converts low voltage direct current to 
high voltage direct current. Unlike a motor 
generator, the low voltage and high voltage 
windings of the dynamotor are mounted on and 
around one shaft as an integral unit. The effi- 
ciency of a good dynamotor is slightly less than 
that of a vibrator power supply, running about 
55-60%. This is because the dynamotor must 
draw enough extra power from the primary 
source to keep the armature rotating. 


Dynamotor Maintenance 


If the dynamotor is operating properly and 
does not run excessively warm, it should rarely 
be touched. Sanding of the commutator, manip- 
ulation of the brushes or excessive greasing is 
likely to do more harm than good. | 

A routine inspection once every two weeks 
should consist of a check as to whether or not 
the brushes are free in their holders, and a 
cleaning of the carbon or copper dust which 
may have accumulated in the vicinity of the 
commutators. If the voltage output is below 
normal remove the brushes and check each 
coil winding of the armature for an open or 
short circuit. This is accomplished by placing 
the prods of an ohmmeter on adjacent high 
voltage commutator bars and continuing the 
test around the commutator. The prods should 
not be applied to the commutator surface that. 
comes in contact with the brushes. The high 
voltage windings will have a resistance in the 
range of 5-30 ohms. Th> low voltage windings 
must be measured on a bridge, as they run only 
a few tenths of an ohm. The d-c resistance of 
the shunt field is of the order of 100 ohms or 
sO. 


~~ 


Brushes 


Low voltage brushes have a useful life of 
about 1000 hours of operation. High voltage 
brushes should last somewhat longer. The end 
of the useful life of the brushes comes when 
they have worn down to a length of about 4”. 
When new brushes are installed, the commu- 
tator should be carefully sanded with grade 
0000 or finer sandpaper. The dynamotor should 
be “run in” for about six hours until at least 
80% of the surface of the new brushes is in 
contact with the commutator. 


Operation 

The dynamotor should be operated with ade- 
quate ventilation. Most dynamotor failures 
occur because of overheating caused by over- 
load or inadequate ventilation. If the dyna- 
motor is located in the turtleback of an automo- 
bile the operating temperature will quickly 
exceed the danger point during warm weather. 
To help cool the dynamotor, the end bells 
should be removed. A small, 6-volt fan so 
located as to pass air thru the interior of the 
dynamotor will also help in keeping the. operat- 
ing temperatures in the safe region. 


THE PE-103A DYNAMOTOR 


The surplus PE-103A dynamotor unit is well 
suited for use in a medium power mobile in- 
stallation. It is a dual input voltage unit, de- 
livering some 90 watts of high voltage power at 
an average efficiency of 55% from either a 6 
volt or 12 volt d.c. primary source. The nominal 
rating of the PE-103A is 500 volts at 150 milli- 
amperes. For intermittent amateur use, up to 
275 milliamperes can safely be drawn for short 
periods of time. The voltage and current curves 
for the PE-103A are shown in Figure 9. The 
output voltage will vary slightly from the curves 
shown depending upon the exact value of 
primary voltage and whether the car generator 
is charging or not. 

The schematic wiring diagram of the com- 
plete PE-103A is shown in Figure 10. Two 
primary commutators are used, a heavy duty 
one for 6 volts and a second somewhat lighter 
one that is added in series with the 6-volt one 
for operation on 12 volts. 

If the PE-103A is to be used only on 6 volts, 
it is wise to remove the 12-volt brushes to re- 
duce the commutator drag. This will drop the 
primary current about 1 ampere. 

The pin connections to the PE-103A are: 
(for 6 volt operation) 

Plug: Cannon P8-CG-12S 
Pin 1 = A-minus 6 volts 
Pin 2 = Not used 
Pin 3 = A-minus 6 volts 
(on when dynamotor is running) 
Pin 4 = Control circuit | 
Pin 5 = B-, A plus 6 v. 
Pin 6 = Not used 
Pin 7 = A minus 6 volts 
Pin 8 =B plus 500 v. 
For 12-volt operation the pin connections 
are: ! 
Pin 1 = Not used 
Pin 2 =A minus 12 volts 
Pin 3 = A minus 6 v. 
(on when dynamotor is running) 
Pin 4 = Control circuit 
Pin 5 = B-, A plus 12 v. 
Pin 6 = Not used 
Pin 7 = Not used 
Pin 8 = B plus 500 v. 

For either 6 or 12 volt operation connecting 

pin 4 to pin 5 will start the dynamotor. 


Operation of the PE-103A 


Referring to Figure 10: The 6v-12v switch 
351 is on 12 volts, the circuit breakers are 
closed and the relays are not energized. Con- 
nection to the battery is made through two 
heavy cables, and connections between the PE- 
103A and the equipment is made through an 8 
conductor receptacle mounted on the PE-103A 
control box (Cannon P-8-41). . 

When the control circuit (pin 4) is connected 
to the B minus (pin 5) relay 3E6 is energized. 
One pair of contacts on this relay energizes the 
6 volt starting relay 3E2 through the 3E3 and 
3E4 circuit breakers. These are high and low 


POWER SUPPLY LOAD (MILLIAMPERES) 


Fig. 6. Regulation of selenium voltage doubler 
supply (A) compared to conventional vacuum 
tube full-wave supply (B). 


Fig. 7. For low power consumption a Carter Mag- 
motor is often the most suitable high voltage 
supply. 

(Courtesy Carter Motor Co.) 
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Fig. 8. This 3-inch frame genemotor is very popu- 
lar in mobile radio installations. 
(Courtesy Carter Motor Co.) 


voltage circuit breakers respectively. If any of 
these circuit breakers open the dynamotor will 
stop. The high voltage breaker will open at 
about 220 milliamperes, and the 6 volt breaker 
will open at 40 amperes primary current. If a 
12 volt battery is accidentally connected to a 
PE-103A set for 6 volts, relay 3E7 will close 
and open breaker 3E5, disconnecting the bat- 
tery and protecting the dynamotor. Pin 3 sup- 
plies 6 volts to operate an external antenna 
relay. 

(Note: Units having serial numbers below 
#4711 have no high voltage circuit breaker and 
the B plus is connected to pin 3 instead of 
pin 8.) 

Condensers 3C9 and 3C10 bypass r-f cur- 
rents to ground. : 

Condenser 3C2 is a ripple filter for the 6-volt 
armature. 

Condensers 3C/, 3C4, 3C5, 3C6, 3C11 and 
choke 3L/ constitute a hash ripple filter for the 
high voltage armature. 

For 12 volt operation, relay 3E/ is the 12 
volt starting relay. Resistor 3R/1 drops the 12 
volts to 6 volts to operate the control relay 3E6. 
Resistor 3R3 drops the 12 volts to 6 volts to 
operate an external antenna relay. Pins 6 and 
7 provide a dropping network to supply 6 volts 
to the filaments of certain tubes in the SCR-284 
radio set and are of no use in amateur opera- 
tions with the dynamotor. a 


Modifications of the PE-103A 


Several slight modifications are desirable for 

amateur use of the PE-103A: 

1. If no 12 volt operation is intended the 12 
volt brushes should be removed. Also, 
relay 3E7 should be removed from the 
circuit by disconnecting the heavy relay 
lead terminating at the “plus” primary 
terminal. This will prevent a constant 15 
milliampere drain from the automobile 
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battery if the circuit breakers are left on. 

2. The high voltage circuit breaker 3E3 is 
very sensitive and is liable to cut out on 
a heavy modulation peak. Shunt a 47 
ohm 1! watt resistor across the breaker 
coil. The breaker will now cut out at 
about 260 milliamperes. 

3. There are three available pins for the 
filament return: pins 1, 3 and 7. Pins 1 
and 7 are in parallel and are in Series 
with breaker 3E5 which will open at a — 
load of 7.5 amperes. Pin 3 is also in 
series with 3&5 and also in series with 
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FFFig. 9. These two graphs show the output voltage 
and primary current of the PE-103A dynamotor as 
a function of output load current. 


300 400 


3E6 the control relay. This pin may be 
used for the filament circuit of instant 
heating tubes since the filament voltage 
comes on at the same time as the high 
voltage. In all cases, pin 5 is the filament 
return pin. When 12-volt tubes or relays 
are used for 12-volt operation resistor 
3R3 must be shorted out. 

4. When the PE-103A is used in an automo- 
bile the negative of whose battery is 
grounded to the car, the high voltage 
commutator should be switched. The 
wires on the high voltage positive brush 
should be removed and connected to the 
negative brush. The negative brush wires 
should be connected to the positive brush. 
The positive battery cable then goes to 

the negative of the battery terminal, and 


the negative cable is connected to the 
_ positive battery circuit. 


Starting Current 


The starting current of a dynamotor -is sev- 
eral times greater than the full load running 
current. The PE-103A has a starting current 
of 150 amperes. This surge is only of a few 
seconds duration but if it occurs in a rapid 
sequence such as is possible in break-in phone 
operation it will be sufficient to cause quite a 
heating loss in the power leads and in the 
dynamotor itself. The dynamotor should not 
be located near the car motor because of the 
heat radiated by the motor. Also, if the dyna- 
motor is located in the trunk of the car the end 
bells of the dynamotor should be removed to 
improve the circulation of air through the dyna- 
motor. 

A ground lead should run directly from the 
battery to the dynamotor. Never use the chassis 
of the car for a power return. 


Control Circuits for the PE-103A 


The PE-103A dynamotor has complete con- 
trol Wiring in the base in addition to low volt- 
age, high voltage and filament circuit breakers. 
Figure 11 shows a suitable transmitter control 
circuit that makes effective use of the inherent 
control wiring of the PE-103A. A small control 
panel containing a “Filament ON” switch and 
pilot lamp, a “Transmit” switch and pilot lamp, 
and a microphone jack will activate the com- 
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plete mobile installation. When the “Filament 
ON” switch is closed the transmitter filaments 
will light and the warning pilot lamp will come 
on. When either the “Transmit” switch is closed 
or the microphone control button pressed, the 
dynamotor starts and high voltage is applied to 
the transmitter and the “Transmit” light goes 
on. In addition, the antenna relay operates to 
apply the antenna to the transmitter and the ~ 
receiver is muted by breaking its high voltage. 
When operation of the equipment is completed, 
the “Filament ON” switch is turned off. When 
the car is not in use, circuit breaker 3E4 on the 
PE-103A dynamotor should be opened as a 
safety measure. 


A spare set of contacts on the antenna relay 
may be used to break the high voltage to the 
transmitter oscillator. Since the output of the 
dynamotor does not drop to zero the moment 
the primary power is removed there is a space 
of time during which the transmitter oscillator 
still runs while the receiver is in operation, thus 
blocking the receiver for a short interval. 


MODIFICATION OF THE PE-101C 
DYNAMOTOR FOR AMATEUR USE 


The PE-101C dynamotor is a multiple wind- 
ing dynamotor shown in Figure 12 in its origi- 
nal form. It has a large right-angle Cannon plug 
on the top, and a sealed-in-oil 800:1 gear re- 
duction box on one end. The dynamotor was 
designed to operate on either 13 or 26 volts d.c. 
by placing the primary windings in either par- 
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Fig. 10. Wiring schematic of the PE-103A. 
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Fig. 12. The PE-101-C dynamotor as purchased in 
war surplus. 


allel or series connection. The ratings given 
on the nameplate have no bearing as to the 
actual ratings of the dynamotor, they merely 
indicate the current drain of the unit as used as 
part of the BC-645 equipment for which the 
’ dynamotor was originally designed. 

Figure 13 is a schematic diagram of the wind- 
ings in the unit and their electrical relationship 
to each other. The primary wires are com- 
pletely separate so there is no problem of posi- 
tive or negative grounds. Two 400 volt wind- 
ings are connected in series internally in the 
unit, and one end of one winding is grounded. 
The two windings are identical as to wire size 
and are both capable of carrying a load from 
each tap of some 125 milliamperes. 
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Fig. 11. This is a suggested control circuit to be 
used in conjunction with the PE-103A. 
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The unmodified dynamotor (connected for 
13 volt operation) will work well on either 6 
volts or 12 volts and delivers the following 
simultaneous outputs: 

12 volts input 

610 volts at 150 ma. 300 volts at 90 ma. 

325 volts at 125 ma. 160 volts at 110 ma. 

During a protracted run at the above loads 
the dynamotor did not get warm, indicating 
that these loads are not the upper power limit of 
the unit. The limiting factor of dynamotor life 
is the heat generated in the unit by friction and 
loss heating. If the dynamotor runs cool, it is 
running within ratings. 


6 volts input 


Conversion of the Dynamotor 


Remove the safety wires holding the end 
bells. Loosen, but do not remove the eight end 
bolts. Open the cover on the long end and 
remove the four countersunk bolts which are 
visible. Slide both end bells off. With a pair 
of pliers remove the pin from the end of the 
armature shaft which connects to the gear box 
drive. With a long screwdriver reach in through 
the open side of the gear reduction box mount- 
ing bracket and remove the four bolts holding 
the gear box in place. Remove the gear box. 

Take off the snap ring on the goose-neck plug 
and remove the top. Clip the wires close to the 
disc and tag them if the color code is not 
legible. Remove the entire top assembly. 

Now, turn the dynamotor over and remove 
the mounting plate. Replace the bolts in their 
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Fig. 13. Internal connections, PE-101-C dynamotor. 


original holes, leaving the base off. With a 
sharp % inch drill carefully drill two holes in 
the base so that when the wires which are 
sticking out of the top of the dynamotor are 
fed through these holes the base will fit snugly 
up against the frame of the unit in its original 
position, but on the side from which the goose- 
neck was removed. The wires will now protrude 
through the holes that you have drilled in the 
base, which may be bolted in this position by 
enlarging the base holes in the proper direction 
so that they match the top-side holes. This may 
be done with the side of a drill or a small “rat- 
tail” file. The bolts which held the goose-neck 
should now be shortened a bit so that they will 
not interfere with the field winding inside 
the dynamotor. They are then used to bolt the 
base to the dynamotor. 

Pull out the thin white wire marked cam 
switch and discard it. Remove the a-c brushes 
and their wires. | 

The long end bell should be cut down to 
reduce the overall size of the dynamotor since 
the reduction gear is removed. The bell is some- 
what fragile, so care must be taken in this 
operation. There are two suggested ways: 

1. Clamp the bell end in a vise and saw off 
the unwanted section with a hacksaw. 
Square the cut end on a sheet of coarse 
emery paper. Allow '% inch extra to the 
length of the end bell to compensate for 
errors in cutting. 

2. Chuck the end bell in a lathe and use a 


sharp cut-off tool to remove the unwanted 
section. A very slow cut must be made 
or the bell will collapse. 

Replace the end bells on the dynamotor. This 
completes the conversion on the dynamotor. To 
make a neat job mount the unit on a 3”x5”x12” 
chassis in which you can place the control re- 
lays, and the filters and wiring (Figure 14). 


Control Circuit 


For either six volt or twelve volt operation 
the low voltage windings on the dynamotor are 
placed in parallel. The brown and red leads are 
connected together, as well as the yellow and 
grey. 

Figure 15 shows the complete control circuit 
for use with a 12-volt system. An extra battery 
is required for 6-volt cars. The 6-volt circuit of 
Figure 16 places the two batteries in parallel 
for charging and in series for transmitting. 

Relay RY2 switches the batteries from series 
to parallel as the occasion demands. Under 
normal conditions the batteries are in parallel 
so that the auxiliary battery will be kept fully 
charged. When the press-to-talk button is de- 
pressed for transmitting, the relay operates and 
the auxiliary battery is placed in series with the 
regular battery and 12 volts is applied to the 
dynamotor. In the event low power operation 
of the transmitter is desired for initial tune-up, 
switch SW is opened which disconnects the 
battery switching relay and applies only 6 volts 
to the dynamotor. 


Fig. 14. PE-101C Dynamotor 
‘Installation. The dynamotor 
is mounted on a small metal 
chassis which is bolted to the 
car frame. A heavy duty 6 
volt relay is mounted on the 
side of the chassis and is 
used fo start the dynamofor. 
A 10 ufd. 600 volt filter con- 
denser is used to filter the 
high voltage output of the 
This condenser is 
mounted beneath the chassis. 


unit. 
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“C* 4yfd, 600V OIL CONDENSER 


R= 100,000 OHM, 1WATT RESISTOR 
Ry1= 12 VOLT CONTROL RELAY, 3POLE DOUBLE THROW 
Ry22 12 VOLT HEAVY DUTY CONTACTOR RELAY 
Fig. 15. The PE-101-C dyna- 
motor as operated with a 
12 volt primary supply. 


In actual practice, if the auxiliary battery is 
connected into the system with fairly long cables 
(as would be the case if the battery is mounted 
in the rear of the car) the cables will intro- 
duce enough resistance into the circuit to throw 
almost all the starting load of the car starter 
onto the original car battery which is connected 
to the starting motor by very short, heavy leads. 
Thus the starter current does not flow through 
the contacts of RY2. 

It is suggested that the 325-volt tap be used 
to run the modulator and oscillator section of 
the transmitter and the 600-volt tap be used on 
the final amplifier stage. ae | 


PE-101C CONVERSION FOR 
6-VOLT OPERATION 


The PE-101C actually consists of two sep- 
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‘parate 12 volt d.c. dynamotors, with their 


respective commutators located at each end of 
the unit. The input commutators are located 
toward the outside, while those associated with 
the high voltage are nearer the center of the 
dynamotor. There are also some slip rings for 
a.c. output which have no value in amateur ap- 
plications. The dynamotors have both series 
and shunt field coils, that is, they form a com- 
pound wound machine. The windings of the 
armatures are connected in a simplex lap wind- 
ing, illustrated in Figure 17. In this type of 
winding a coil will start at commutator bar #1 
and end up on bar #2. The next coil will start 
on bar #2 and end up on bar #3, etc., until the 
coils have gone all the way around the commu- 
tator and have returned to bar #1. This places 
two wires on each commutator bar, one above 
the other in the soldering slot. 

Any d.c. machine may be reconnected to 
operate on one-half of its original voltage by 
changing the commutator connections from the 
simplex winding of Figure 17 to a multiplex 
winding, such as shown in Figure 18. If this is 
done, the PE-101C dynamotor will deliver 
substantially the same output voltages on 6 volts 
that it was designed to do on 12 volts. In this 
multiplex arangement there is a coil between 
commutator bars #1 and #3, between #2 and #4, 
3 and +5, #4 and #6, etc., until the coils reach 
bar #1 again. The original #1-#2 connection 
must now become a #1-#3 connection. 

Figure 18 shows that the even-numbered bars 
are connected together by their coils, and the 
odd-numbered bars are connected together 
through their coils, each being separated from 
the other. Whereas the simplex winding has all 
coils in series in one circuit, the multiplex wind- 
ing has half of the coils in series in each of two 
circuits. The change from simplex to multiplex 
is made by removing the proper end of each 
coil and moving it one bar ahead of its original 
place. This change must be made on each pri- 
mary commutator circuit. 


GROUND 


6V HOT 


Fig. 16. This is the control circuit to be used for 6-volt automotive system and 
a separate battery to obtain 12 volts. © 
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17. Simplex lap 
winding. 


COMMUTATOR CHANGES 


From here on, reference to motor #1 (Figure 
19) will indicate the low voltage commutator 
that is located on the end of the shaft contain- 
ing the two a.c. slip rings. Motor #2 is at the 
opposite end of the shaft. 

Step 1. Remove all brushes at both ends of 
the unit. Be sure to tag them so that they can 
be replaced in their original holders. Mark 
them so that you will know which side is up 
when you wish to replace them. 

-. Step 2. Disconnect all wires to the brush- 
holders at the motor #1 end. 

Step 3. Remove the two long bolts, holding 
the dynamotor heads in place, and remove the 
end from which the brush-holder wires were 
disconnected, leaving the other head in place. 
If the armature bearing sticks to one head, tap 
it loose with a small block of wood. 
~ Step 4. Cut a “V” in the center of each of 
two pieces of 2x4 wood, about six inches long 
to hold the armature while working upon it. 
Using a sharp pocket knife, remove the insula- 
tion on motor #1 between the generator com- 
mutator and the motor commutator, exposing 
the wires. You will be able to expose the wires 
about %2-inch back, which is sufficient length 
with which to work. Use care not to cut into 
the wires. _ 

Step 5. The exposed wires for motor #1 are 
the top wires. These are the ones to be moved. 
The lower, insulated wires are not to be touched. 
Using a thin, flat-bladed screwdriver or a small 
pocket knife placed under each wire, pry up 
and release the wire from its bar. Do not at- 
tempt to unsolder. Care should be taken to 
keep the tool up close to the commutator so that 
the wire does not break. A slow, easy pry does 
the job. Keep the wire near the bar from which 
it came so no question will arise as to its 
original place. 

Step 6. Place the armature on the table with 
the motor #1 end (the one you have been work- 
ing on) toward you. Move each top wire to the 
right (away from the bar to which the other 
end is connected) by one bar and tap it down 
into the solder slot with a small screwdriver. 
This is the basic step of conversion from a 
simplex to a multiplex winding. This step is 
repeated for each top wire around the commu- 
tator. With the use of a small soldering iron 
_resolder the wires to the commutator bars using 
very little solder. Use plenty of heat to insure 


Fig ° 1 8. Mu Iti- 
plex winding. 


a good connection and make sure no commu- 
tator bars are shorted out by solder. Do not 
let the solder run down on the flat portion of 
the commutator where the brushes will hit it. 
You should now have continuity between every 
other bar through the coil, and no continuity 
between adjacent bars, as shown in Figure 18. 

Step 7. Push the coil wires down as tightly as 
possible with the fingers, then tap them down 
with a small block of wood.. Check the soldered 
connections to make sure that none have 


broken loose. Replace the original insulation 


by winding common string over the wires. 
Paint well with varnish. Clean the commutator 
well, and clean between the bars. Remove all 
copper dust, and make sure the commutator is 
smooth. 


Fig. 19. The PE-101C armature showing the motor 

#1 end, and the a.c. slip rings. The large com- 

mutator is for the generator (output) section of 
the PE-101C. 
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Fig. 20. The PE-101C armature showing the 
motor £2 end. 
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Step 8. Motor #2 is converted next. In this 
conversion it is necessary to move the bottom 
wires and replace-the top wires in their original 
places (Figure 20). This is necessary to keep 
the two motors “in step” with each other. After 
the top wires have been released from their 
respective bars, mark one wire and its bar with 
a drop of paint. Bend all wires in succession to 
a vertical position up against the generator 
commutator. Remove the thin insulation, using 
the same technique described previously. Pry 
up the bottom wires and (with motor #2 point- 
ing toward you) move each of the bottom wires 
to the left (away from the other end of the 
coil). Tap the wires into their new position 
with a blade of a small screwdriver. Push down 
on the wires to make sure that they are down 
as far as they will go. Do not solder at this 
time. Replace the insulation with a single 
layer of cambric cloth, or other good, flexible 
material. Replace the top wires in their original 
positions. Solder all connections with a hot 
iron. Clean the connections and commutator, 
and reassemble the dynamotor. 

Step 9. Try running each motor separately 
on 6 yolts by replacing one set of brushes at a 
time, to see if both motors are running at top 
speed. This is indicated by a high pitched 
whine. The output voltage of each generator 
should be well over 500 volts. If one or both 
motors are running slow it is probably due to 
the brushes not seating properly. Be sure the 
commutator is clean and smooth. To seat the 
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Fig. 21. Wiring schematic of a simple control 
panel circuit for mobile use. 
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orushes, wrap a strip of 0000 sandpaper around 
the commutator with the sandy side out. Put the 
brushes in’ the proper holders and turn: the 
armature by hand several times in the same 
direction of rotation noticed when the unit is 
operating. 


Dynamotor Output 


After the conversion described above, the 
dynamotor will deliver the following simul- 
taneous outputs: 


550 volts at 150 ma. 
275 volts 2 Ha WO 


Other 12-volt dynamotors can be modified 
from simplex to a multiplex winding by the 
above method. In like fashion, 24-volt dyna- 
motors may be converted for 12-volt operation. 


PE-101C Conversion for 300 Volt Supply 


_ As seen in Figure 13, the 600 volt secondary 
winding of the PE-101-C consists of two high 
voltage windings in series, internally conected 
to each other by a jumper. These windings are 
nearly identical, but apparently not exactly so. 
|The brushes for one winding are at one end 
of the armature and the brushes for the other 
high voltage winding are at the opposite end. 
The negative of one brush (terminal 1) is 
mounted integrally with the dynamotor frame, 
hence must always be grounded unless the dyna- 
motor is insulated from the frame of the car. 
The positive brush of this winding (terminal 2) 
is jumpered to the negative brush of the second 
high voltage winding (terminal 3). If the 
jumper between terminals 2 and 3 is removed, 
and terminal 3 grounded, the following voltages 
and currents are delivered by the PE-101C. 
' Terminal 2 to ground: 315 volts at 150 ma. 
Terminal 4 to ground: 340 volts at 150 ma. 
_ Because of the voltage difference, no attempt 
| should be made to parallel the outputs. Rather, 
/one winding may be used to power the audio 
section of the transmitter, and the other wind- 
_ing may be employed to power the r-f section 
_of the transmitter. 


Control 
Circuits | 
The design of mobile transmitting equipment 
must follow a slightly different pattern than that 
of the usual fixed location equipment. Unless 
the mobile set is mounted directly in front of 
the operator (a difficult thing to do in an auto) 
-some sort of remote control arrangement must 
be used, with the transmitter located in a more 
physically acceptable spot. The transmitter may 
be located in the trunk, on the engine firewall, 
in the engine compartment, or even in the glove 
compartment. The exact location will depend 
upon the size of the equipment and the tolerance 
of the other users of the car. 


Fig. 22. This control circuit permits remote crystal 
selection. 
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Fig. 23. There should be some method of observ- 

ing the dynamoftor secondary current drain. This 

idea can be added to the control circuit shown 
in Figure 21. 
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Fig. 24. Occasionally it is necessary to put the 

carrier on the air for a few seconds without 

modulation. The push-to-talk button shown in the 
right-hand schematic is useful. 


The use of a remote control panel located 
near the operator will allow correct operation 
of the equipment when it is located at a dis- 
tance from the operator. Figure 2] illustrates 
a simple control panel for a typical mobile in- 
Stallation. Heavy wires A and B are the pri- 
mary power leads and run directly from the 
battery to the dynamotor (or vibrator supply) 
broken only by a protecting fuse and control 
relay. If the transmitting equipment and dyna- 
motor are located in the trunk compartment of 
the car, these leads may be run under the frame 
of the car, securely taped to a frame girder 
along the way. They are brought into the trunk 
compartment by means of a small hole drilled 
in the floor of the compartment. These leads 
carry considerable current and should be made 
of heavy wire. They should be well insulated 
from the car frame and from each other. Care 
should be taken to see that they do not chafe 
against sharp edges of the car frame. 

The protective fuse should be located near 
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the battery. For current drains of 30 amperes 
or less, an ordinary house fuse mounted in a 
porcelain socket will work well. It should be in 
series with the ungrounded battery lead. 

The control box is connected to the dyna- 
motor by leads 1, 2, 3, 4, and 5. Leads I and 2 
carry filament current of the transmitter and 
the current drawn by relay coil RyJ. This will 
usually amount to several amperes, so a suitable 
choice of wire should be made. Lead 3 carries 
only relay coil current, so it may be made of 
No. 18 insulated wire. Lead 4 is the micro- 
phone lead and must be made of shielded wire. 
The shield should be tightly woven and se- 
curely grounded to the car at both ends. Lead 5 
is the control box ground return lead. 

Four leads run from the dynamotor to the 
transmitter, numbers 6, 7, 8 and 9. Leads 6 
and 9 are filament leads and should be made 
of sufficiently heavy wire to carry the required 
load without appreciable voltage drop. Leads 
7 and 8 carry relatively small current and may 
be made of No. 18 insulated wire. Lead 9 is 
the ground return wire. All leads to the control 
box should pass through a suitable plug and 
socket so that the control box or the cables may 
be readily removable for servicing or circuit 
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changes. The plug -may be mounted on the 
back of the control box. Two adjacent pins of © 
the plug should be paralleled to carry the cur- 
rent flowing in leads I and 2. 

The control panel contains a “Filament ON”. 
switch and pilot lamp. When this switch is 
turned on the filament circuit is closed and both 
the tubes and the filament circuit pilot lamp 
are energized. The pilot lamp should be green 
in color, to signify that the low potential circuits 
are connected. At the same time, one side of 
relay coil Ry/ is connected to the “hot” 6 volt 
lead. When it is desired to put the transmitter 
on the air, lead 3 is connected to lead 5 
(ground) by means of a “press-to-talk” micro- 
phone, through the jack circuit on the control 
box. When lead 3 is grounded the red “Trans- 
mit” light goes on, the opposite side of relay 
coil RyJ is grounded and relay Ryl closes. The 


-dynamotor starts, and in the transmitter, an- 


tenna relay Ry2 is energized, disconnecting the 
antenna from the receiver and applying it to 
the transmitter. An additional lead may be 
taken off at point X to energize the squelch 


- relay located in the receiver. (See Chapter 3.) 


Elaborating upon this basic design, additional 
control equipment and circuits may be added to 
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Fig. 25. Resistance values for various B&S wire sizes. 
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the basic control box. Figure 22 illustrates a 
frequency shifting switch that allows the selec- 
tion of several crystals. Figure 23 shows the 
addition of a milliammeter to read the dyna- 
motor secondary current drain. An additional 
push button type switch may be added between 
leads 3 and 5 as a separate “Transmit” switch 
for use when the microphone circuit is not 
required. The standard push-to-talk micro- 
phone connections are shown in Figure 24. 


CONTROL CIRCUIT COMPONENTS 


The choice of components for high amperage 
control circuits is very important. Many times, 
the eager mobile enthusiast has thrown the con- 
trol switch to start the dynamotor in his new 
mobile installation, only to find his 6-volt bat- 
tery supply has dwindled to 3-volts at the dyna- 
motor terminals. The d-c resistance of all con- 
trol circuit components should be carefully 
examined and only those components with the 
lowest internal resistance should be chosen. For 
example, when a current of 50 amperes flows 
through a circuit containing a line resistance of 
only 0.06 ohm, a drop of 3 volts will occur in 
the line. 


Wire 


Figure 25 illustrates the resistance values of 
various lengths of standard gage copper wires. 
If the total lead length and wire size are known, 
the resistance of the wire may easily be found. 


Plugs and Switches 


The resistance of plugs and switches cannot 
be graphed in the above manner as the resist- 
ance of various plugs and switches varies widely, 
even among the same models made by the same 
manufacturer. It may be stated, however, that 
the greater the friction that exists between the 
two contacting parts, the lower will be the con- 
tact resistance. The following table gives some 
representative contact resistances of certain 
types of plugs and switches as measured on a 
Kelvin bridge: 


Item Contact Resistance 


Jones plug & socket (P-2408) 0.003 ohm 
5 prong tube socket & plug 0.05 ohm 
Small 3 ampere toggle switch 
(SPST) 0.01 ohm 
Large heavy duty toggle switch 0.003 ohm 
(C-H No. ST52-N) 
“Unimax” snap switch 0.005 ohm 


’ The contact resistance of the tube socket and 
matching plug varied widely depending upon 
the frictional fit of the prongs of the plug in the 
socket. The resistance of the 3 ampere toggle 


Fig. 26. Mounting of the foot-operated switch 
(headlight beam control type) to serve as a 
transmitter off-on switch at W5CLP. 


switch increased sharply after a few hours use 
breaking a current of 10 amperes. This was 
probably due to oxidation of the contacts. 

The plugs and switches designed for heavy 
currents had sufficiently low resistance to be 
completely reliable in heavy current circuits. 


| Relays 


Relay contact resistance is a highly variable 
factor, more so than that of the plugs and 
switches. In general, a good relay for mobile 
service should have large, self-wiping contacts, 
a heavy return spring and a coil that draws at 
least two watts at 6-volts. The heavy duty coil 
will insure good contact pressure and a low 
resistance contact. It is important to keep the 
relay contacts clean, especially in industrial 
areas where a silver sulphide compound can 
easily form on the contact surfaces and increase 
the contact resistance many times. 

A heavy-duty relay that is easily obtainable is 
the horn relay used in all makes of cars. It is 
stocked by all distributors and may be pur- 
chased for under two dollars. It is well suited 
for making and breaking heavy currents. 

A step switch similar to that normally used 
for lowering the headlight beam in an automo- 
bile makes an ideal switch to turn the trans- 
mitter on and off. The switch may be mounted 
about six inches above the headlight switch so 
that the transmitter may be activated with a 
tap of the foot (Figure 26). 
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Methods 
of Reception 


To receive short wave signals in an auto- 
mobile it is necessary to either extend the range 
of the usual automobile radio receiver, or to 
install an entirely different receiver which is 
capable of covering the amateur bands to be 
used. There are advantages and drawbacks to 
each idea. Let us examine both approaches and 
see their merits and drawbacks. 

By far the most popular method of receiv- 
ing amateur signals in mobile work is the use 
of a converter in conjunction with the car 
broadcast receiver. The car receiver serves as 
an i-f strip, second detector, audio amplifier 
and power supply. 

Two different types of converters are in gen- 
eral use. The first and simplest type is the fixed 
tuned converter. 


The Fixed tuned converter 


A typical block diagram of a fixed tuned 
converter is shown in Figure J. In the upper 
drawing a 28.5 Mc. signal is received and 
heterodyned against a fixed frequency oscillator 
operating on 30 Mc. This oscillator is usually 
crystal controlled for maximum stability. The 
output circuit of the detector is so tuned as to 
pick out the difference frequency created by 
the mixing action of the detector. This differ- 
-ence frequency is 1500 kilocycles, which may 
be tuned in on the car receiver. When a signal 
of 29.5 Mc. is received, as shown in the lower 
drawing, it is heterodyned against the 30 Mc. 
oscillator to produce a difference frequency of 
500 kilocycles. Thus the frequency range of 
28.5 Mc. to 29.5 Mc. may be covered by tun- 
ing the car receiver from 1500 kc to 500 kc. 


Advantages of Fixed-tuned converter 


1—The conversion oscillator may be crystal 
controlled for maximum frequency stability. 

2—The converter has no tuning controls and 
may be located out of sight in the auto- 
mobile. 

3—The converter may be considerably smaller 
in size than the usual tunable converter. 

4——The tuning dial of the broadcast receiver is 
used for amateur band coverage. 


Disadvantages of Fixed-tuned converter 


1—The input circuit of the converter must be 
broadbanded for coverage of a complete 
amateur band. Image rejection is degraded 
below maximum performance. 

2—The i-f output circuit must be broadbanded 
to cover 500-1500 kc. This usually means 
an untuned output circuit, leaving only the 
selectivity of the broadcast set to cope with 
any spurious responses. 
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3—There is possibility of “ride through” of 
local broadcast stations as the broadcast 
receiver is tuned across the dial. 

4—_The dial mechanism of the broadcast 
receiver may not be precise enough for 
accurate logging and tuning of high fre- 
quencies. 

5—Image rejection ability becomes poorer as 
the broadcast receiver is tuned lower in 
frequency. The image frequency is con- 
tinually changing and approaching the sig- 
nal frequency. 

In spite of these disadvantages, the fixed- 
tuned converter is very popular, especially for 
28 Mc. operation where the stability of the 
fixed oscillator is a great advantage. 


28.5Mc 


DETECTOR 


1.F. OUTPUT 
1500 KC 


29.5Mc 


I.F. OUTPUT 
500 KC 


DETECTOR 


Fig. 1. Operating principle of a fixed-tuned 
iconverter. Note that the oscillator is not 
tunable. 


The Tunable Converter 


The most universally used converter for 
amateur mobile reception is the tunable con- 
verter. (Figure 2). Here, in contrast to the 
fixed tuned converter, the i-f output is constant. 
A frequency of 1500 kc is used, since this fre- 
quency affords the greatest image rejection ob- 
tainable in the broadcast range. To obtain the 
correct tuning range the high frequency oscil- 
lator is variable, tuning over the same number 
of kilocycles as does the detector input circuit. 
However, the oscillator tuning range is re- 
moved from the detector tuning range by an 
amount equal to the fixed intermediate fre- 
quency. Thus, when the received signal is on 
28.5 Mc., the oscillator is on 30 Mce., produc- 
ing a “difference-frequency” of 1500 kc. When 
the received signal is on 29.5 Mc., the oscil- 
lator must be on 31 Mce., again producing a 


“difference-frequency” of 1500 kc. This dif- 
ference frequency of 1500 kc may be “spotted” 
on the car receiver as a fixed signal. 


Advantages of Tunable Converter — 


1—The detector and r-f stage of the converter 
may be ganged-tuned. A narrow-band se- 
lective r-f stage can be used for highest 
image rejection and greatly reduced CrOss- 
talk. 

2—The broadcast receiver is fixed tuned to 
1500 ke, for best image rejection. The tun- 
ing dial of the broadcast receiver is not 
used. 

3—tThe i-f output circuit of the converter may 
be peaked at 1500 kc, reducing spurious 


28.5Mc 


\.F. OUTPUT 
1500 KC 


DETECTOR 


29.5Mc 


1.F. OUTPUT 
1500 KC 


DETECTOR 
_| VARIABLE 
OSCILLATOR 
3{Mc 


Fig. 2. Operating principle of a tunable con- 

verter. Note that in contrast. to Fig. 1 the 

first oscillator is tuned and the intermediate 
frequency remains constant. 


_ responses in the i-f system. 
4—The converter may easily contain band- 
switching, whereas the fixed tuned conver- 
_ -ter is usually a one band device. 
5—Danger of broadcast “ride through” is con- 
siderably reduced as the intermediate fre- 
' quency may be shifted slightly from 1500 
__ ke to avoid a local station. 


___ Disadvantages of tunable converter 


1—tThe tunable oscillator is relatively unstable 
_ compared to a fixed-tuned crystal oscillator. 
2—-Since the converter must be tuned, it must 
_ be located near the operator in an accessible 
_ part of the car. 

3—The physical size of the tunable converter 
is usually larger than that of the untuned 
converter. 


The tunable converter is the most popular 
variety for general amateur use. The oscillator 
instability may be largely overcome by proper 
oscillator design and the use of voltage regula- 
tor tubes on the plate supply of the oscillator. 


Locating the Converter or Receiver 
in the Automobile 


The location of the converter or receiver in 
the automobile is of the utmost importance. It 
should be easily accessible from the driving 
position, yet not block the entrance or exit nor 
inconvenience the driver or passengers. The 
three most popular mounting places for the re- 
ceiving equipment are: 

1 — Attached to the Steering Column. 

A suitable clamp can be made (Figure 3) of 
soft dural or sheet iron that will encircle the 
body of the converter and grasp the steering 
column. The face of the converter will mount 
about 5 inches behind and to the left of the 
steering wheel. The converter is tuned with the 
left hand. By loosening the clamp the converter 
can easily be removed from the automobile for 
testing or servicing. 

2— Mounted beneath the instrument panel. 

In many cars the converter may be mounted 
under the-instrument panel (Figures 4 and 5). 
To permit easy removal of the converter it is 
suggested that it be held in place by a metal 
strap encircling the body of the converter. 

3 — Atop the instrument panel. 

The converter may be placed atop the in- 
strument panel to the left of the steering wheel. 
Where it is not desired to disfigure the car, the 
converter may be mounted in place by a large 
rubber suction cup, whose lip has been coated 
with shellac (Figure 6). 

Other less frequently used: positions are: In 
the glove compartment, or below the glove 
compartment against the fire wall. 


Adapting the Car Receiver 
for Use with a Converter 


For best operation of the converter it is 
necessary to add a noise limiter, and at the 
same time to make some minor alterations to 
the car receiver. The installation of a noise 
limiter is covered in Chapter 4. The minor al- 
terations are: 

1 — Power connections. 

The power leads for testing the converter 
may be temporarily “haywired” to the broad- 
cast receiver. Afterwards, it is best to install a 
permanent octal tube socket or Jones Socket 
on the broadcast receiver through which the 
plate and filament power for the converter may 
be obtained, and through which a muting sys- 
tem can be applied to the broadcast receiver 
to silence it during transmissions. The schema- 
tic diagram, Figure 7, shows the necessary con- 
nections to the’ broadcast receiver. An octal 
socket is mounted on a convenient space on 
the wall of the car receiver. A shielded cable 
from this plug will carry the power to the con- 
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TENSION BOLT 


STEERING 


SPACERS 


CONVERTER 


Fig. 3. A metal clamp may be easily fabri- 
cated to encircle the converter and strap if to 
the steering column. 


verter. Pins 1 and 2 of the ae are grounded 
to the chassis of the car receiver. Pin 7 is con- 
nected to the “hot” heater line. The filaments 
of the converter will then be turned on at the 
same time the broadcast receiver is turned on. 


A small 6-volt d-c relay, R, with normally ~ 


closed contacts is mounted in the car receiver 
and is so connected as to open the B-plus to 
both the converter and the last audio stage of 
the car receiver when Pin 5 of the octal plug 
is grounded. 

All leads in the car receiver to the octal 
socket are bypassed by .001 pfd. ceramic disc 
condensers mounted on the socket. The cable 
leads from pins 3, 5 and 7 should be made of 
shielded wire. The shields should be grounded 
to pins I and 2 of the octal plug. 

2 —- Alignment of the Automobile Receiver. 

After the converter is connected and is oper- 
ating, the broadcast receiver should be trimmed 
for. maximum sensitivity in the vicinity of 
1500 kilocycles. On most car receivers an an- 
tenna trimmer control is mounted near the 
antenna input receptacle. - 

If the receiver has a mechanical push button 
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the dial. 


system, one button may be set to the output 


i-f of the converter. Those receivers having 


electrical push buttons (wherin the push but- 
ton substitutes a fixed tuned preset circuit for 
the manual tuning circuit) should be tuned 
manually to the i-t, since such sets usually suf- 
fer a severe drop in gain when the fixed tuned 
channels are used. This happens because fewer 
tuned circuits are used in the fixed tuned chan- 


‘nels than in the manual tuning channel. 


Some of the newer cars are equipped with 
a signal seeking receiver which tunes progres: 
sively to each succeeding strong signal across 
In this case a switch should be in- 
stalled on the side of the receiver to disconnect 
the signal seeking mechanism while the con: 
verter is in use. 

3 — Connecting the Converter to ‘he Receiver, 

The output lead from the converter to the 
input receptacle of the car receiver should be 
made of low capacity coaxial cable especially 
designed for automobile installations. The sec- 
tion that comes with the car receiver may be 
used if it is cut as short as possible. Special low 
capacity cable may be purchased in 18 inch 
lengths, (Ward No. C-9) for use in this appli- 
cation. Ordinary coaxial cable or shielded wire 
has too much distributed capacity to give the 
best possible results. 

As a final step, the input and output circuits 
of the converter should be peaked to match the 
individual installation and antenna. An externa, 
signal should be used for this operation. 


Mobile Receivers: Summary 

The converter/broadcast receiver combina: 
tion is far from the ultimate in regards to selec. 
tivity, sensitivity and flexibility. The overal 
performance of the combination is limited by 
the capabilities of the broadcast receiver, whick 
in some instances is not designed to a higk 
order of selectivity or sensitivity. The addition 
of an “outboard” 1500 ke i-f stage will help 


Fig. 4. The converter or receiver may 
be mounted beneath the dash of th 
car, either to the right or left of the 
steering column. The unit may be 
tuned with one hand while the ca 
is in motion. Shown here is the Gonse: 
G-66 receiver mounted in a Buicl 
“Century.” 


Fig. 5. The complete station may be mounted 
beneath the automobile radio, as shown in this 
installation. 


somewhat, but will also add another piece of 
equipment to cram into the automobile. 

Some of the more serious mobile operators 
employ complete mobile receivers incorporat- 
ing all the best features of standard communi- 
cations receivers. This provides a mobile re- 
ceiver of the highest order. Figure 8 illustrates 
in block diagram a typical high quality mobile 
receiver. This receiver has a band-switching 
front end, tuning amateur bands from 3.5-30 
Mc. It has a tunable r-f stage, a voltage regu- 
lated h-f oscillator, dual conversion (1500 ke 
and 262 kc) for high selectivity, two 1-f stages, 
AVC and noise limiter, two audio stages and 


a self contained speaker. It is entirely com- 


parable in performance with a high grade home 


communications receiver. Several commercial 
receivers of this type are available on the mar- 


ket. 


| 


The choice between a converter and a com- 
plete mobile receiver will depend largely upon 
whether mobile operations are approached as 
a part time hobby, or whether the mobile sta- 
tion installation is the primary source of ama- 


POWER CABLE 


STEERING 
WHEEL 
Fig. 6. If it is vitally necessary not to disfigure 
the dashboard or steering wheel, a large suc- 
tion cup could be mounted on the bottom of 
the converter. The power cables should plug 
into the broadcast receiver. 


teur operation. The complete receiver is the 
best solution, but also the most complicated 
and expensive. 


a Fixed-tuned 
Converter for 


80-40 Meter Operation 


Shown in Figures 9, 10 and /1 is a simple 
one tube fixed-tuned converter, suitable for 
operation on the 80 and 40 meter phone bands. 
It is compact in size and is crystal controlled, 
all tuning being done with the automobile re- 
ceiver. 

The circuit of the converter is shown in- 
Figure 10. A single 6BA7 (or 12BA7) tube is 
used as a combined mixer and conversion os- 


8+ SUPPLY TO 
AUDIO STAGE 


8+ 


FOR CONTROL CIRCUITS THAT 
ENERGIZE RELAYS INSTEAD OF 
GROUNDING THEM, GROUND BOT - 
TOM OF RELAY COIL AND APPLY 
6 VOLTS TO PINS. 


TO HEATERS (6 VOLTS) 


OCTAL SOCKET MOUNTED ON WALL # 
OF CAR RECEIVER. 

C-.001ufd CERAMICON ERIE 801-.001 

R- ADVANCE K1604 (6VOLT D.C. COIL) 


Fig. 7. An octal (or Jones) socket should be 
permanently mounted on the automobile broad- 
cast receiver to supply power to the converter. 


cillator. The 80 or 40 meter signal is coupled 


' to the transmitting whip through a high-Q tank 


circuit, L2-C1. The value of L2 is chosen so 
that C7 tunes to 40 meters when it is set near 
minimum capacity, and to 80 meters when it 
is set near maximum capacity. Thus no coil 
changing or switching circuits are necessary to 
change from reception on one band to the 
other. The input signal is applied to grid #3 of 
the 6BA7 tube. 

A Pierce oscillator circuit is formed between 
the #1 grid of the 6BA7 and the numbers 2 
and 4 grids, which are paralleled within the tube. 
The #2 and #4 grids serve as the “plate” of 
the Pierce oscillator, and the #1 grid serves 
as the oscillator grid. The tuned circuit of the 
oscillator is a quartz crystal, placed between 
the grid and “plate” electrodes of the tube. To 
supply sufficient feedback to maintain oscil- 
lation, the “plate” of the oscillator is bypassed 
to the cathode circuit by means of a small 
mica condenser, C2. Mixing action takes place 
between the beating oscillator and the input 
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DETECTOR 
(3,5-30Mc) 


OSCILLATOR 
(3.5-30 M Cc ) 


Fig. 8. Block diagram of the present-day ultimate in mobile receiver design. 


signal in the internal electron stream of the 
tube. 

An untuned output circuit is used in this 
converter, the inherent image rejection of the 
automobile receiver at the (approximately) 
1500 ke first intermediate frequency being suf- 
ficient to reject images. In addition, the ex- 
tremely high-Q of the usual 80 or 40 meter 
transmitting whip is sufficient to afford excel- 
lent image rejection. 

An “In-Out” switch is utilized to place the 
converter in or out of service. In the “Out” 
position, the automobile receiver is discon- 
nected from the converter and connected to 
the standard automobile antenna. Since the 
converter draws a minimum amount of power, 
it is left connected in the circuit at all times. 
If desired, a double-pole double-throw switch 
may be substituted for the SPDT switch in the 
converter, the extra set of contacts being em- 
ployed to break the plate voltage to the con- 
verter when the switch is thrown to the “Out” 
position. It is advisable to arrange the wiring 
of the converter so that the residual capacity 
between the wires of this switch is at a mini- 
mum to avoid external broadcast pickup by 
the automobile receiver when the converter is 
in use. Good clearance between the wires 
leading to the “In” and “Out” terminals of the 
switch will do the trick. 


The region into which the 80 and 40 meter 


bands will fall on the dial of the automobile 
receiver is determined by the frequency of the 
conversion crystal used in the converter. For 
example, a 3.0 Mc. crystal will position the 
80 meter phone band between 800 and 1000 
ke on the car receiver dial. A 2.5 Mc crystal 
will place the phone band between 600 and 
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800 kc. The formula for determining just where 
the band will fall on the car receiver dial is 
simple: Band edge frequency minus crystal 
frequency equals broadcast band dial fre- 
quency. 

For 40 meter operation, a crystal below the 
7 Mc. region is used. A 6.2 Mc. crystal, for 
example will place the 7200-7300 ke phone 
band between 1000 and 1100 ke on the car 
receiver dial. Two crystals are thus required; 
one for 80 meter operation, and one for 40 
meter operation. It is obvious that the par- 
ticular choice of crystal frequency will depend 
to some extent in which portion of the broad- 
cast band strong local signals appear, since 
“ride-through” of a very strong local b-c sta- 
tion is a possibility in this simple converter. 


Construction 

Construction of this converter is not difficult. 
It is built in and upon a chassis-box measuring 
6” x 3144” x 2” (L.M.B. Co.). If desired, a Bud 
#CU-3006 box (5%4” x 3” x 2”) may be sub- 
stituted. Placement of most of the major com- 
ponents may be seen in Figure 11. Across the 
back lip of the box are mounted (from left to 
right) the converter. antenna receptacle, the 
6BA7 tube socket, the 7/16” hole for the pow- 
er cord grommet, the converter output recep- 
tacle, the conversion crystal and the “In-Out” 
switch, followed by the b-c antenna receptacle. 

On the “base” of the chassis box are mounted 
the phenolic terminal strip supporting L/ and 
L2, the main tuning condenser, Cl, a 5-point 
phenolic terminal strip supporting the screen 
and plate circuit resistors and the .01 pfd plate 
bypass condenser, and C3, the output circuit 
tuning condenser. 


Fig. 9. The one-tube 80-40 meter converter is only two inches 

thick and may be easily mounted beneath the dashboard of 

your automobile. The r-f tuning control is centered on the front 

of the unit. The 6BA7 converter tube and conversion crystal — 

project out the rear of the case. The “In-Out” switch is also 
mounted on the rear of the case. 


BC ANT 


6BA7 A2BA7 


C1—140 wufd Bud C-954. All .001 fd condensers 
C2—100 uufd (see text). are Centralab DD-102 
C3—75 upufd mica padder. ceramic discs. 


El Menco 71582. All .01 ywfd condensers 
L1 — B&W Miniductor are Centralab DD-1032 
#3008. 5%” long, %” ceramic discs. 


diam., 18 turns 720. 
L2 — B&W Miniductor 

#8008. 1 11/16” long, 

54” diam., 52 turns 


#20. 
Fig. 10. 80-40 meter Single tube converter 


Antenna jacks are ICA 
72378. 

Switch is Carling #S-60B 
or equivalent. 


The r-f tuning condenser is firmly mounted 
to the inside of the box by a 6-32 screw passing 
through the rear foot of the condenser, and by 
the 3/8” collar-nut on the front bearing of the 
condenser. All components except LJ and L2 
should be mounted before wiring is done. 

Wiring 

The wiring of this little converter is exceed- 
ingly simple. The plate and screen resistors, 
plus the .01 yfd ceramic plate bypass condenser 
are mounted on the 5 terminal phenolic tie- 
point strip before it is bolted to the chassis. One 
side of the .01 wfd condenser is soldered to the 
ground lug of the strip. Pins 4 and 6 of the 
6BAT socket are grounded, and a .001 pfd 
ceramic condenser is connected between pins 
4 and 5. A 100 yupfd mica condenser is con- 
nected between pins I and 4 of the socket. A 
short lead connects pin J to the 10,000 ohm 
screen resistor on the plate tie-point strip. The 
cathode resistor and by-pass condenser connect 
between pin 3 of the socket and the nearest 
grounding point. The .001 pfd plate coupling 
condenser connects between the 22,000 ohm 
plate load resistor and one lug of C3. 

_ When the preliminary wiring is, completed, 
LI and L2 may be clipped from a section of 
B&W 3008 Miniductor, and L2 is mounted on 
the two outside terminals of a 5 terminal 
phenolic tie-point strip. It is supported entirely 
by its leads. The ground end of L2 is towards 
the front of the converter, a short jumper going 
between the tie-point supporting this end of 
L2 and the center ground lug of the tie-point 
strip. All unused lugs on the strip are bent over 
to prevent them from touching L2. 

_ One end of L/ is grounded to the lug support- 


ing the “front” end of £2, and the other end of 
L1 attaches to a short length of #12 wire which 
is fastened at its opposite end to the converter 
antenna receptacle, mounted on the back lip of 
the chassis behind L2. If the leads to LJ are 
made about 3/4” long, LJ may be moved about 
to adjust the degree of coupling between Ll 
and L2. . 

After the coils have been wired in the circuit, 
all wiring should be checked, and the power 
cable and plug attached to the converter. 


Converter Check-Out 

The converter should now be installed in the 
car for an operational test. The switch should 
be in the “Out” position, and antenna and 
power connections made to the converter. The 
antenna trimmer on the automobile broadcast 
receiver should be tuned for best response at 
the center of the broadcast range that will be 
used by the converter. The converter function 
switch should now be thrown to the “In” 
position, and trimmer C3 peaked for best 
short wave reception. The r-f tuning control Cl 
may be peaked on a strong local signal on 
either 80 or 40 meters, and the coupling be- 
tween LI and L2 adjusted for best reception. 
When the correct point of coupling is found 
(it is not critical) LJ may be held in place by 
a small strip of celluloid and an application of 
nail polish. Band-changing is accomplished by 
substituting conversion crystals and retuning 
Cl. In all instances, it is mandatory that a 
loaded antenna tuned to the band in use be 
employed with this converter. 


12 Volt Operation of the 
Fixed-tuned Converters 
When it is desired to operate any of these 


Interior view of the single tube 80-40 
Coils L1 and L2 are mounted 


Fig. 11. 

meter converter. 

to the left of the r-f tuning control, Cl. Di- 

rectly to the right of C1 is the output alignment 

condenser, C3, mounted to the chassis base. It 
is adjustable from beneath the converter. 
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A. SERIES CONNECTION OF EQUAL CURRENT TUBES. 


#4 #2 
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B. SERIES CONNECTION OF UNEQUAL CURRENT TUBES. 


Fig. 12. Series Filament arrangements 


simple converters from a 12-volt automobile 
system, the most simple solution is to substi- 
tute 12-volt filament tubes for the 6-volt tubes. 
Thus, in the converter just described, a 12BA7 
would be employed in place of the 6BA7. In 
some instances there is no exact 12-volt equiva- 
lent for a particular 6-volt tube. The 6AK5 is 
such a case. Under these circumstances, it 1S 


necessary to place sufficient resistance in series 


with each 6-volt filament so that the tube will 
draw the proper current, even though it is 
working from a 12-volt supply. Two tubes 
having similar 6-volt filaments may be placed 
in series and operated from a 12-volt supply. 
Two 6AKS5 tubes with their filaments in series 
will operate from 12 volts. A 6BA6 and a 6BE6 
may be run with their filaments in series, since 
they both draw the same filament current (0.3 
amperes) at 6.3 volts. In fact, any two 6-volt 
tubes that draw the same amount of filament 
current may be placed in series for 12-volt 
operation, as shown in Figure 12A. It can be 
seen that the filament circuit of one tube is 6 
volts “above ground”, and one pin of this tube 
should be bypassed to ground with a .01 pfd 
ceramic condenser. 

The 6-volt tubes that draw different amounts 
of filament current may be connected in series 
across a 12-volt line if a suitable shunting 
resistor is placed across the tube having the 
lowest amperage filament, as shown in Figure 
12B. 


Variations of the Fixed-tuned Converter 


Several interesting variations of the basic con- 
verter may be made. Illustrated in Figures 13 
and 14 are two simple circuits that perform in 
a highly efficient manner. The circuit of Figure 
13 is a converter for the 6-meter (SO Mc.) or 
10-meter (28 Mc.) band, employing a single 
12AT7 tube. It is built into a box much like the 
6BA7 converter described previously. 

The first section of the 12AT7 is the con- 
version detector, having a slug-tuned grid cir- 
cuit that is broadly resonant to 50 Mc. The 
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second section of the 12AT7 is a self-excited 
oscillator, operating in the region just below 
50 Mc. Tuning the broadcast receiver of the 
automobile from 500 ke to 1500 ke’ will cover 
a 1000 kc segment of the 50 Mc. band. Since 
most operation takes place in the lower 500 ke 
segment of the band, the oscillator section of 
the 12AT7 may be tuned to about 49.3 Mc. 
This will position 50 Mc. at 700 ke on the dial 
of the auto radio. ars 
The two tuned circuits of this converter may 
be set to frequency with the aid of a grid-dip 
oscillator. Once the frequency of the oscillator 
coil has been set, the slug of the coil should be 
sealed with a drop of nail polish or Duco cement 
to prevent frequency instability caused by 
vibration of the slug within the coil form. 
There is no danger of oscillation if stray 


- coupling exists between coils LJ and L2, so 


they may both be mounted within the converter 
box without the necessity of placing a shield 
between them. Silver mica condensers should 
be used across LJ and L2 for maximum circuit 
stability. 

When completed, the converter may be tested 
by peaking it upon a local signal. The output 
circuit trimmer, C2, is adjusted in the same 
manner as the trimmer of the 6BA7 converter 
discussed in the previous section. | 

Shown in Figure 14 is a two tube version of 
a 10 meter fixed-tuned converter. A 6AK5 r-f 
stage is added to the detector circuit for maxi- 
mum sensitivity. The sensitivity of the 12AT7 
detector alone is approximately 5 microvolts 
for a 6 db. signal-to-noise ratio which is ample 
to overcome car noises in most installations. 
In some instances, it is desired to have a 
sensitivity of less than 1 microvolt for a 6 db. 
signal-to-noise ratio. Such a ratio may easily 
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DETECTOR 


OSCILLATOR - 


C1—10 ppt. 
L1I—6% turns #30e, on Millen 69041 
slug form. Primary—2 turns close 


Six meters 


slug form. 


C1—20 ppt. 

L1—20 turns #22e on 34” CTC LS-3 
slug form. Primary—2 turns close 
coupled to Li. : 

L2—Same as Ll. 


Ten meters 


coupled to Ll. 
} L2—8 turns #380e, on Millen 69041 


Fig. 13. 6-10 meter single tube converter 
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L1—9 turns #£22e, 14” diam., 144” long. Primary— 
2 turns close coupled to Ll. 

L2—9 turns #22e, 14” diameter. National XR-50 
form. 


L3—8 turns #22e, 1%” diameter. National XR-50 
form. 


Adjust coils to frequency with grid dip oscillator. 


be obtained by the 6AKS r-f stage. 


The sensitivity of the converter may be con- 
trolled by varying the value of the cathode bias 
resistor of the r-f stage. If sufficient shielding 
is used between the grid and plate circuits of 
the 6AK5 stage, the cathode resistor may be 
as low as 150 ohms. Residual coupling between 
LI and L2 may make it necessary to increase 
the cathode resistor to 700 ohms to prevent the 
r-f stage from breaking into oscillation when L/ 
and L2 are both tuned to the same frequency. 

The converter may be built in a 2”x3”x4” 
aluminum box, divided into two sections by a 
shield made of a piece of flashing copper 
fastened securely to the sides and top of the 
box. A small foot should be left on the shield 
so that when the bottom of the box is bolted in 
position the shield may be affixed to the bottom 
plate by means of a self-tapping sheet metal 
‘screw. This will insure that the shield is 
_grounded on all four sides. | 
__ The section of the 12AT7 that serves as the 
‘h-f oscillator should be tuned to the low fre- 
quency side of the 28 Mc. band. 1000 kilo- 
_cycles of the band may be covered on the dial 
of the automobile receiver. If it is desired to 
‘cover the lower 1000 ke of the 10 meter band, 


Fig. 15. A fixed tuned converter for a “Com- 
mand Receiver.” 
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Fig. 14. 10-11 meter two tube converter 


the slug of L3 should be adjusted to tune the 
oscillator circuit to 27.5 Mc. The converter will 
then “tune” 28.0-29.0 Mc. If L3 is adjusted to 
28.2 Mc., the converter will then “tune” 28.7- 
29 1 Me: 

This circuit will perform in excellent fashion 
on the lower frequency bands. It is necessary to 
rewind L/ and,L2 so that they resonate at the 
center of the frequency range to be covered. 
L3 should resonate about 1-Mc. below the band 
in question when padded by the two series 
connected silver mica padding condensers. For 
each successively lower band, the capacity of 
each of these condensers should be increased 
by a factor of three. 


a Fixed-Tuned Converter 
for the 
“Command” Receivers 


Shown in Figures 15, 16 and 17 is a simple 
one tube converter that is designed to be used 
with either the low frequency (BC-453A) or 
the broadcast band (BC-946) “Command” 
receiver. It is designed to mount in the dyna- 
motor well of the receiver on a small metal 
chassis. The converter is crystal controlled, and 
all tuning is done with the main dial of the 
Command receiver. An installation such as this 
makes a compact, efficient mobile installation 


for even the smallest car. The price of the 


converter and the Command-set is comfortably 
lower than the cost of a converter that is com- 
parable in performance. = . 

Power for both the Command-set and the 
converter may be taken from the automobile 
receiver in the car. If there is none, a small 
vibrator power supply, such as shown in Figure 
18 may be constructed to power the com- 
bination. 
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L1* 39 TURNS #22E. ON 1” DIA FORM 
TAP AT 6 TURNS. 


L2= 17 TURNS #22E. ON 1/2" DIA FORM 
(NATIONAL XR-50) 
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Fig. 16. A—Schematic of crystal converter. B— 


Modifications to “Command” Receiver. 


The converter is designed for either 80 meter 
or 40 meter operation. When a BC-453A re- 
ceiver is employed, the range of 3640 kc to 
4000 kc may be covered on the 80 meter band 
if either a 3450 ke crystal or a 4190 ke crystal 
is used in the converter. The 3450 kc crystal is 
recommended, since the dial reading will in- 
crease with frequency in the normal manner. 
When the 4190 kc crystal is used, the dial will 
read “backwards”, the 80 meter frequency in- 
creasing as the receiver is tuned lower in 
frequency. For 40 meter operation a crystal 
in the region of 6800-6950 kc should be used. 
If the BC-946 is used for the i-f system of this 
converter, a crystal between 2500 kc and 3000 
ke should be used for 80 meter operation, and 
between 5800 ke and 6500 kc for 40 meter 
operation. 


Converter Construction 

The converter is constructed sin and upon 
a small aluminum chassis-box measuring ap- 
proximately 2”x112"x4” (Bud CU-2102). The 
“top” of the box is bolted to the chassis of the 
Command receiver, and all components of the 
converter are mounted in the removable box 
section, as shown in Figure 17. The 12AT7 
tube socket is centrally mounted on the U- 
shaped piece of aluminum, with the crystal 
socket and r-f tuning condenser to one side. 
The socket is oriented so that pin #6 is next to 
the crystal socket. The oscillator coil, L2, 
is mounted on the chassis between the crystal 
socket and the tube socket. The small ceramic 
padding condenser is mounted across the ter- 
minals of the coil, and the 0.01 yufd bypass 
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condenser is connected between the bottom lug 
of the coil and the grounded filament pin of 
the 12AT7 tube. 

The grid input coil, LJ, and the antenna 
input jack are mounted on the opposite end 
wall of the chassis. The four leads that connect 
the converter to the receiver terminate in an 
octal plug which connects to an octal socket 
that is mounted in the center of the dynamotor 
space. The socket hole is cut through both the 
receiver chassis and the section of the chassis 
box that is bolted to the receiver. When the 
converter is placed on the back of the receiver 
it is a simple task to insert the converter power 
plug into the octal receptacle. The connections 
from the octal socket to the internal wiring of 
the Command-set are shown in Figure 16. 


Command-Receiver Modifications 

The minor modifications to the Command set 
are shown in Figure 16. The leads to the octal 
plug must be installed, and the input circuit of 
the receiver modified. (Refer to the schematic 
of the Command-set shown later in this chap- 
ter.) Condenser C-J, neon tube V-J are re- 
moved from the receiver, and the “cold” end 
of L-I is disconnected from ground and at- 
tached to the B-plus line of the receiver. The 
B-plus terminal of coil socket Z-5A is bypassed 
to ground with a .01 ywfd ceramic condenser. 
The grid end of L/ is attached to the octal plug 
(pin #3) by a short length of low capacity 
coaxial line. RG-59/U will serve the purpose. 
Pin #4 of the octal socket supplies B-plus to 
the converter oscillator, and pins #7 and #8 
supply filament voltage and ground return. 


Converter Adjustment 

When the converter is completed and the 
wiring has been checked, a nearby receiver is 
used to monitor the crystal oscillator of the 
converter. The slug of coil L2 is adjusted for 
stable oscillation. A drop of nail polish may be 
placed on the threads of the coil slug to lock it 
firmly in place. The grid tuning condenser 
across L/ is then peaked for maximum receiver 
sensitivity in the center of the phone band. 


Converter Operation 
on 10, 15 and 20 Meters 
A modification of the oscillator circuit will 
permit operation of the converter on the higher 
frequency amateur bands, as shown in Figure 


Fig. 17. Interior view 
of “Command” set 
converter. 


T1 — 330-0-330V Stancor 
P-6131. 

RFC1, RFC3 — 4 wH. 
Miller 5221. 

RFC2—2% mh. RFC. Na- 
tional R-100. 

V1 — Vibrator. Mallory 
500P with GC-7 
grounding cup. 

S1—Switch. ICA 1281. 

C1—25 wuuf. Bud LC-1642. 


40A 


C2—25 uuf. Bud MC-900. 

C3—25 wuf. Erie NPO 
557-F. 

C4—50 wuf. mica com- 
pression trimmer. 

S1 — DPDT slide-type 
switch. 

R1—2500 ohms, 4 watts 
for 200 volt supply. 
5000 ohms, 10 watts for 
250 volt supply. 


19. To provide sufficient image rejection either 
the BC-946 (500-1500 kc) Command receiver, 
or the R-26/ ARC-5 (1500 kc-3000 kc) receiver 
should be used. With the BC-946 a 7000 kc 
crystal may be used in the converter for 10 
meter operation, and a 6700 kc crystal for 
either 15 or 20 meter operation. The crystals 
oscillate on their fourth harmonic for 10 meter 
operation, on their third harmonic for 15 meter 
operation, and on the second harmonic for 20 
meter operation. 

The converter is constructed in the same 
fashion as the low frequency version and tuned 
up in the same manner. The operation of the 
crystal oscillator may be checked by monitoring 
the harmonic frequency of the oscillator as L2 
is tuned through its range. The grid tuning 
condenser across L/ is adjusted for maximum 
converter response at the middle of the amateur 
band. 


a Single-tube — 
Tunable Converter 


If all-band operation is contemplated it is 
much the wisest thing to purchase a switchable 
all-band converter rather than to attempt to 
build one. However, excellent single band 
operation may be had with a one-tube converter 
that is inexpensive to build and simple to 
assemble. For the mobile enthusiast who is 
content to operate a single band, a converter 
such as the one to be described will serve in a 
most satisfactory manner. 

The circuit of the tunable converter is shown 
in Figure 20. A 6BA7 tube is used as a com- 
bined converter-oscillator. A single tuned circuit 
provides adequate image rejection when an 
intermediate frequency close to 1500 kc is 
used. A “hot cathode” oscillator circuit is em- 
ployed, with the #/ grid of the 6BA7 acting as 


RFC 2 40H 4AOOMA 
SO050 5000 OB+ 
es + 00 
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Fig. 18. Vibrator supply for “Command” Receiver 
and converter. 


the oscillator grid, and grids #2 and #4 acting 


as the oscillator plate. An OA2 regulator tube 
is employed to hold the plate voltage to the 
6BA7 tube constant and independent of the 
primary voltage surges of the automobile sys- 
tem. Good frequency stability is thus achieved 
for 10 meter operation. | 

The plate circuit of the 6BA7 is resistance 
coupled to the input of the automobile receiver 
for simplicity. Ali i.f. selectivity is provided by 
the broadcast receiver. 

Coil tables and frequency ranges of the 
various circuits of the converter are listed in 
Figure 23. 

The assembly of this compact converter is 
shown in Figures 21 and 22. A small utility 
box measuring 3”x4”x6” (L.M.B. Co.) is used 
for the chassis-cabinet of the converter. If 
desired, a Bud CU-2105 box (3”x4"x5”) may 
be substituted for the somewhat larger box. The 
main tuning dial (C2) is mounted to the left 
of the chassis, and the input resonating con- 
denser (C1) is mounted to the right. The tuning 
dial of the converter is a surplus vernier dial 


taken from one of the “TU-tuning units” of a 


HOM | 45 TURNS #22E 
PRI. = 2 TURNS 
20 TURNS 4#22E 
PRI=2 TURNS. 
25 TURNS #30E | 28 TURNS4#30E 
PRI.=4 TURNS C4= 30 ytd 
_COIL FORMS: CTC #LS3 WITH IRON 
SLUG 3/8 DIAMETER. 
CRYSTAL FREQUENCY 
AOM = TOOO KILOCYCLES 


45M = 6800 KILOCYCLES 
20M= 6700 KILOCYCLES 


Fig. 19. Fixed tuned converter for 10, 15 or 20 
meters 
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Fig. 20. Schematic, tunable converter 


defunct BC-375 transmitter. C2 is held at the 
front end by the dial coupling, and is affixed to 
the chassis at the rear end which is mounted on 


a short spacer. CJ is attached directly to the - 


front panel of the converter. 

The 6BA7 tube is mounted inside the box in 
a horizontal position. The socket of the 6BA7 
is affixed to a small aluminum angle bracket 
which is positioned about 214” behind the front 
panel. Coil LJ and the socket components of 
the 6BA7 are mounted between the socket and 
Cl. At the rear center of the chassis the OA2 
regulator socket is mounted on short spacers. 
A small piece of heavy cardboard is placed 
under the socket to prevent the pins from 
shorting to the chassis. To keep the OA2 tube 
in the socket, a small bracket is fitted over the 
tip of the tube as shown in Figure 22. This 
bracket is held to the back of the box by means 
of a sheet metal screw. 

Oscillator coil L2 is mounted directly behind 
C2 on a two terminal phenolic strip. Padding 
condenser C3 is connected across the terminals 
of this strip. Resistor RJ is mounted alongside 
the regulator tube, with the two output jacks 
on each side of it. The input jack is located in 
the lower back corner on one side of the OA2. 
In the opposite corner the selector switch, SJ, 
and the power cord are placed. 


Converter Wiring 
A two terminal phenolic mounting strip is 
placed behind the 6BA7 socket, close to C/. 
The various condensers and resistors that con- 
nect to the socket prongs of the 6BA7 are 
mounted between the socket and this strip. 


Fig. 21. The tunable 
converter. This single 
tube converter may 
be used on any 


amateur band  be- 
tween 10 and 80 
meters. 
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Connections to the oscillator circuit. are made 
with #16 tinned wire for maximum stability. 
The cathode lead between pin #3 of the 6BA7 
socket and the coil tap runs above the other 
components, well in the clear. It is the last 
connection made during the wiring process. 
A five wire cable is used for the power lead. 
Two leads of the cable are connected in parallel 
for the ground lead, and two are connected in 
parallel for the filament lead. The remaining 
lead is the B-plus wire. The 23,000 ohm grid 
resistor and 50 yuyufd. coupling condenser con- 
nect directly between pin #2 of the 6BA7 socket 
and the stator terminal of C2. Output padding 
condenser C4 is connected between pin #9 of 
the socket and the grounded rotor arm of CJ. 


Testing the Converter 
After the wiring of the converter is checked, 


~ power may be applied for a test. The exact 


value of RJ will depend upon the plate voltage - 
applied to the converter. Current drain of the 
unit is about 20 millamperes, and RJ should 
be chosen to provide the proper voltage drop 
at this current. Various values of RJ for dif- 
ferent applied voltages are shown in Figure 20. 
Regardless of the band of operation of the 
converter, the oscillator tuned circuit (L2-C2- 
C3) must be tuned 1500 ke away from the 
received signal to produce a 1500 kc inter- 
mediate frequency signal to which the auto- 
mobile broadcast receiver is tuned. Coil L2 
and padding condenser C3 may be set according 
to the coil chart with the aid of a grid-dip 
oscillator. L2 may be altered a turn or two 
to correct the frequency coverage, if necessary. 
In most cases, the correct frequency range may 
be hit by merely adjusting padding condenser 
C3. The r-f circuit, L1, Cl should next be 
adjusted to cover the proper frequency range. 
When this step is finished the converter may 
be connected to an antenna and the input circuit 
tuned for maximum response. The output pad- 
ding condenser, C4, is tuned to provide maxi- 
mum signal response when the converter is in 
the circuit. : 


Mobile Conversion of the 
SCR-274N Series | 
“Command” Receivers 


The SCR-274N series equipment makes an 
excellent foundation for mobile conversions. 
It is light, ruggedly built and so constructed as 
to make modifications a relatively simple mat- 
ter. The following information is divided into 
two parts: 1—Conversion and. modernization 
of the basic equipment for 80 and 40 meter 
operation, and 2—Conversion and moderniza- 


1. Interior view of tunable converter. 
The 6BA7 tube is mounted horizontally beside 
the oscillator tuning condenser. 


Fig. 22. 


tion of the circuitry for 20, 15 and 10 meter 
operation. 


The Original Equipment 
The complete SCR-274N set makes up a 
multi-channel transmitting and receiving sta- 
tion for aircraft equipped with a 24 volt d.c. 
power supply. It will receive signals over the 
range of 550 kc to 9.0 mc. It will transmit Al, 
A2, or A3 signals over the range of 2.1 to 


9.1 mes. Identical items of equipment have 
various nomenclatures, as follows: 
Receivers— 
: Navy Army  Ferquency 
JAN Number Number Number Range IF Freq. 
46129 BC-453 190-550 kc 85 ke 


46145 BC-946 520-1500 kc 239 ke 


R-25/ARC-5 46104 1.5-3.0Mc. 705 ke 
R-26/ARC-5 46105 BC-454 3.0-6.0 Mc. 1415 ke 
R-27/ARC-5 46106 BC-455 6.0-9.0 Mc. 2830 kc 


The JAN receivers differ slightly from the 
Army and Navy versions in that they have 
a.v.c., and employ a 12SF7 as the second i-f 
tube, rather than a 12SK7. They also have dif- 
ferent connector plugs. A typical command 
receiver circuit applicable to all models is shown 
in Figure 24. Top and bottom views of a 
typical receiver with all parts indicated by 
Armed Service nomenclature are shown in 
Figures 25 and 26. 

_ Physically, all the receivers are almost iden- 
tical. The tuned circuits, the i-f transformers, 
and the padding condensers differentiate one 
from the other. By changing these components, 
for example, a BC-453 may be made into a 
BC- -946. 

_ The two high frequency receivers that cover 
80 and 40 meters are not recommended for 
general mobile operation. Their i-f channels are 
too high, and the receivers tune too broadly for 
‘effective mobile operation. They are, however, 
useful as standby or interim equipment and, if 
they can be purchased cheaply enough, make 
a very satisfactory secondary feceiver. 

The low frequency (200-550 kc) and inter- 
mediate frequency (520-1500 kc) receivers 
‘make very satisfactory i-f strips for mobile con- 


verters. The receivers have high sensitivity and 
a very good order of i-f selectivity. The selec- 
tivity curves for all receivers are shown in 
Figure 27. 


Six Volt Conversion of the Receivers 

To rework the receivers for six volt operation 
is relatively simple. The filament circuit must 
be rewired as shown in Figure 28 which places 
all the tube heaters in parallel. The tubes should 
then be replaced with their six volt equivalents. 

If desired, the filament choke, L-14, may be 
removed from the receiver as it is of no use. 

A small control panel should be made to fill 
the gap left by the removal of the switch panel 
adaptor plate on the front of the receiver. This 
panel should contain a volume control, a BFO 
switch and a speaker jack. The panel may be 
wired as shown in Figure 29, and then bolted 
to the front panel of the receiver. The leads 
from this panel are soldered directly to the 
jacks in J-J. 

A very satisfactory tuning dial for the re- 
ceiver may be made from a short length of 1/4” 
inside diameter copper tubing. Slot the tubing 
on both ends and use it as a coupling between 
the splined tuning shaft and a short length of 
1/4” rod to which a tuning knob is attached. 
Fill the sleeve with duco cement or nail polish 
before fitting it over the splined shaft of the 
receiver. It will withstand rough usage. 

A simple noise limiter circuit may be added 
to the Command receivers (Fi igure 30). It may 
be left connected permanently in the circuit and 
no additional controls are needed for it. 


Coil Table, 
10 Meter converter 


Li—14 turns #26 dcc, 
close wound on Millen 
7169041 form, %%” diam, 
Y%” long—tunes 28-30 
mc 

Le2—10 turns #16, 4” 
diam, 114” long. B & W 
3002. Tap 214” turns 
from ground end. Tunes 
either 26.5-28.5 me or 
29.5-31.5 me for 1500 
ke i.f. by adjustment 
of C3. 


Conversion of the 3.0-6.0 Mc Receiver for 
Operation on 20, 15 and 10 Meters 


The “80 meter”’ Command receiver will make 
a sensitive receiver for the high frequency 
bands. It is a good performer, even though the 
i-f selectivity leaves quite a lot to be desired. 
The conversions for the various bands are much 
the same, and consist of boosting the gain of 
the receiver and winding new r-f coils to cover 
the proper ranges. Let us examine the receiver 
changes first. 


Receiver Modifications 
1—To boost the gain sufficiently for 20 and 15 
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C-I—I1 pputd. 


C-28—34 pptd. 
C-2—15 ppfd. C-29—0.006 pfd. 
C-3, C26—100 wpfd. C-30—15 pfd. 
C-4 (A to G)—147 C-32—5.0 pfd. 


pufd., variables C-33—wiring capacity. 


C-5—3.0 pfd. C-36, C-37, C-38—17 
C-6 (A to C)—0.05 ppfd. : 
pfd. L-14—choke, 112 uh. 
C-7 (A to C)—0.05 L-15—choke, 3.0 h. 
fd. R-1, R-4, R-7—620 ohms. 
C-8, C24—100 pufd. span mod meg- 
C-9—40 puftd. ohm. 
C-10—365 pufd. R-3, R-16, R-17— . 
C-l1—3 ppd. 51,000 ohms. 
C-12, C-14, C-17, R-5—150,000 ohms. 
C-19, C-22, C-23, C-27 R-6—200,000 ohms. 
—180 pufd. R-7, R-8, R-13—200 
C-13, C-18, C-2i— ohms. 
17 ppd. R!10—360,000 ohms. 
C-15 (A to C)—0.05 R-11, R-14—100,000 
pfd. ohms. 
C-16 (Ato C)—0.22 R-12—510 ohms. 
fd R-15—5100 ohms. 


R-18——51!0,000 ohms. 
R-21—1500 ohms. 
R-22, R-23—7000 ohms.. 


ptd. 

C-20 (A, B, C)— 

— 0.05/0.01/0.05 pid. 
C25, C31—0.00! afd. 


Fig. 24. Basic receiver circuit schematic (see next 

page) and parts list. With the exception of the 

coils, this is the circuit of all of the war surplus 
274N series receivers. 


meter operation it is necessary to replace the 
6SK7 i-f tubes with 6SG7 tubes. A 6SG7 
tube should also be used in the r-f stage. No 
circuit changes are needed. For 10 meter 
operation, a 6AC7 or (better still) a war- 
surplus 717A tube should be used in the 
first r-f stage. 

The socket connections for the 717A _ tube 
are the same as for the 6SK7. To use these 
high gain tubes at 10 meters, a few circuit 
alterations must be made: 

A—Shunt a 620 ohm, 1/4 watt resistor 


Fig. 25. Top view of a 

typical receiver. A bottom 

view of this receiver is 
shown in Figure 26. 


4 


across cathode resistor RJ. 

B—Bypass pin 3, 5 and 6 of the r-f tube 
socket to ground with .001 pyfd. Ce- 
ramicons (Erie 801-001). Use short 
leads. : 

C—Shunt R22 with a 10.000 ohm, 10 watt 
resistor to raise the screen voltage to 
about 140 volts. 

2—If it is desired to use a coaxial line input © 
to the receiver, the present antenna terminal 
should be removed and an Amphenol 83-1R 

coaxial fitting substituted in its place. Run a 

short length of small coaxial line from the 

fitting to terminals 1 and 6 of the r-f coil 
socket. Tie the shield to terminal 6 and also 
to terminal 3. This will ground the shield.. 

Antenna windings should be added to the 

r-f coils as shown in Figure 31. 


3—Remove all but one rotor plate in each sec- 


tion of the tuning condenser. The plate that 
is left should be the slotted one, for align- 
ment adjustments. These plates may be 
easily removed by flexing them gently with 
a pair of long nosed pliers. 


Coil Modification 


When the receiver modifications have been 
made the coils should be modified as shown in 
Figure 31. Remove the plug-in coil unit from 
the bottom of the receiver, noting that it is 
polarized by the pin arrangement of the three 
coils. Remove the coils from the shield can, one 
at a time, and remove the cores from the coils. 
The cores should be replaced after the coil mod- 
ifications have been made. Core position is not 
critical. When the coils have been modified they 
should be replaced in their respective shields, 
the leads soldered and the coil unit placed back 
in the receiver. Turn on the receiver, and hunt 
for the signal from the h-f oscillator of the 
Command set in the station receiver. It should 
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fall within the ranges indicated in Figure 31. 
Adjust the trimming and padding condensers 
C-4 and C-9 to give the proper bandspread. Do 


not disturb the wiring between the 6K8 and 


the oscillator socket. These leads are cemented 
in place and should not be moved or the cali- 
bration of the receiver will shift. Tracking may 
be improved by bending the slotted rotor plate 
of the oscillator condenser. It is possible, by 
proper adjustment, to employ the original dial 
lines with new figures for the new ranges. 

When the mixer and r.f. coils have been 
rewound, trimmers C-2, C-4F and C-4D should 
be adjusted to bring in signals when a short 
length of wire is used for an antenna. Slight 
adjustment of coil turns spacing and adjustment 
of the slotted rotor plates may be in order to 
secure closed tracking of these two stages. 

When this is completed, the tuning gang cover 
should be replaced, and the coil set bolted into 
place. Retouch the r.f. alignment of the receiver 
and the conversion is complete. 


a Two Meter 
Mobile Converter 


This small converter covers the range of 
144-148 Mc. and is designed to work in con- 
junction with mobile converters covering the 
10 meter region. It has an excellent signal to 
noise figure and is very inexpensive to construct. 

The problem of obtaining an efficient con- 
verter for the 2 meter band is a hard one. Two 
difficulties stand in the way: 

1. It is impractical to use the usual 1500 ke 
i-f channel for a two meter converter since the 
image frequency is only 3 Mc. away from the 
received signal. R-f selectivity comes hard at 2 
meters and image rejection with such a low i-f 


50  #$Mobile Handbook 


Fig. 26. Bottom view of a 
typical 274N _ series’ re- 
ceiver. The nomenctature 
corresponds with that em- 
ployed by the Armed Serv- 
ices in their Tech Manuals. 


would be poor. An i-f of at least 5 Mc. is called 
for. The solution to this problem is to use two 
i-f channels. Using the 10 meter input to the 
converter provides us with a 28 Mc. i-f channel, 
placing the 2 meter images 56 megacycles away 
from the received signal. Selectivity is provided 
by the 1500 ke output frequency of the 10 
meter converter and by the low frequency i-f of 
the car receiver. 
2. Experience has shown that the local oscil- 
lator used in any v-h-f converter has to be 
extremely stable to permit using a typical broad- 
cast receiver as part of the i-f system. For best 
results, the v-h-f oscillator should be crystal con- 
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receivers, 
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Fig. 28. Filament rewiring schematic for con- 
version to operate from a 6-volf source. 


trolled with a variable oscillator working at 
some lower intermediate frequency. Suitable 
crystals in the 8 Mc. region are inexpensive and 
most of them will oscillate on their 7th overtone 
mode. 


The block diagram in Figure 32 illustrates 


how these solutions are applied in this con- 
verter. The received 144 Mc. signal is amplified 


‘by a 6AK5 r-f stage and fed to a triode con- 


nected 6AKS5S operating as a converter tube. An 


8134 ke crystal operates in an overtone oscil- 


lator-tripler using a double triode 6J6 tube. The 
output of the 6J6 is on 170.82 Mc. and is 
resonated by L6. This frequency is beat against 


‘the 144 Mc. signal in the 6AKS converter, and 


the difference frequency produced—26.82 Mc. 
—is fed to the 10 meter converter. This fre- 


quency is converted to 1500 kc by the 10 meter 


converter and fed to the auto receiver. 

The i-f range is roughly 23-27 Mc. This can 
be covered on the top band of the Gonset con- 
verter by making use of its “image response.” 
The antenna trimmer permits peaking the con- 


verter on the 10 meter image which falls within 
this range. Any tunable 10 meter converter with 
the h-f oscillator operating on the low frequency 

side of the 10 meter band will work in this 
fashion. To make the i-f fall in the 10 meter 


' 


} 


band a crystal on 8190 kc. should be used, the 


i-f range then becoming 28-32 Mc. The com- 


plete schematic is shown in Figure 33. 


The R.F. Design 
A 6AKS pentode is used as an r-f stage. The 


‘noise figure of this stage is good enough to 


permit excellent reception of all kinds of man- 


/made noise in the typical mobile location. A 
cascode front end was not deemed necessary for 


mobile work. Emission bias is created by RI, 


and both cathode pins are grounded by a small 
strap of copper soldered across the socket ter- 
minals. A small metal shield cut from thin cop- 
per or aluminum separates LJ from the plate 


circuit of the 6AK5. This shield may be seen in 


4 SINGLE CIRCUIT JACK, ICA *4870 
-50000 .. CENTRALAB B-31 
St SPST SWITCH, ICA*4230 
Fig. 29. This diagram shows the necessary 
components needed in the small switch plate 
box on the front of the typical 274N receiver. 


Figure 34. 

A 6AKS tube is employed as a triode mixer 
because its low plate resistance across L7 tends 
to produce uniform gain across the 4 Mc. i-f 
band. The mixer is coupled to the r-f stage by 
link coupled tuned circuits to flatten the gain 
characteristics and to provide extra selectivity 
against v-h-f images. 

The oscillator circuit was chosen because it 
can force a sluggish crystal to oscillate. If the 
oscillator drifts off on its own (with the crystal 
in the circuit) the number of turns on the grid 
coil L4 should be reduced. 

The frequency multiplier may be used as a 
doubler or a quadrupler to suit other crystal 
frequencies if so desired. It has more than 
enough output to drive the mixer. A piece of 
insulated hookup wire about 1 inch long con- 
nected to the multiplier plate and placed near 
the mixer grid wiring provides sufficient mixer 
voltage for correct operation. 


Layout 


The unit is built in a 2”x2”x4” box, Bud No. 
CU-3003. The placement of parts is not critical 
except that the plate coil of the r-f amplifier, 
L2, should be located somewhat apart from the 
grid coil and the shielding plate should pass 
between them, obstructing the view from one 
coil to another. No crystal socket is used, the 
holder pins are soldered to the appropriate ter- 
minals under the chassis. It is necessary to 
mount the crystal beneath the chassis to prevent 
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C208, C24, C29, R18 
ARE ORIGINAL PARTS. 


1N34 = 
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1 R18 
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Fig. 30. This simple but effective noise limiter 
may he left in the circuit at all times. 
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Command Set Coil Winding Data 


10 Meters 

R.f. Stage (LI)—6 turns #18 enam. space 
wound to length of coil. Antenna coil has 
2 turns to pins | & 6. . 

Mixer Stage (L2 & L3)—9 turns of original wire 
interwound with L3. L3 has 5 turns #18 
enam. wound length of coil. 

Oscillator (L4 & L5)—5 turns #18 enam. close 
wound, !/g"' from L4. L4 is unchanged. The 
oscillator tuning range for a 1415-ke i.f. 
is 29,415 to 31,115 ke. 

' 15 Meters 

R.f. Stage (LI)—8 turns #18 enam. space 
wound to length of coil. Antenna coil has 
3 turns to pins | & 6. 

Mixer Stage (L2 &L3)—13 turns of original 
wire interwound with L3. L3 has 8 turns 
3#£18 enam. wound -length of coil. 

Oscillator (L4 & L5)—7 turns #18 enam. close 
wound |/g" from L4. L4 is unchanged. The 


oscillator tuning range for a 1415-ke i.f. 

is 22,415 to 22,865 kc. 

: 20 Meters 
R.f. Stage (LI)—II turns #18 enam. space 


wound to length of coil. Antenna coil has 
4 turns to pins | & 6. 

Mixer Stage (L2 &L3)—I8 turns of original 
wire interwound with L3. L3 has II turns 
#18 enam. wound length of coil. 

Oscillator (L4 & L5)—10 turns #18 enam. close 
wound |/g" from L4. L4 is unchanged. The 
oscillator tuning range for a 1415-kc if. is 
15,415 to 15,765 ke. 


spurious beats between the crystal and strong 
image signals. 

L1, the r-f input coil is air wound and capa- 
city tuned for maximum circuit Q. The other 
coils may be slug tuned. L2, L3, L5 and L6 
may be wound on Millen 69042 coil forms. The 
coil winding data should be considered only as 
a guide and the coils should be grid dipped at 
the specified frequency with all tubes in place. 

The converter is designed to operate at a 
plate potential of 150 volts. If the plate supply 
puts out over 150 volts an external plate drop- 
ping resistor must be used. This resistor may be 
built into the power cable. The converter draws 
about 30 milliamperes at 150 volts, so a resistor 
of at least ten watt size must be used. 

Wiring 

Certain components may be mounted on the 
tube sockets before the sockets are bolted to 
the chassis. Pins 2, 3 and 7 should be strapped 
on the 6AK5 r-f socket. RJ and C3 should be 
connected to their respective terminals. On the 
6AK5 mixer socket jumpers between pins 5 
and 6, and between pins 2, 3 and 7 may be con- 
nected, and R3 mounted. On the 6J6 socket 
pins 3 and 4 should be jumpered and R7 and 
C7 connected. The sockets are now mounted 
in the chassis and the rest of the wiring com- 
pleted. Figure 35 shows the placement of the 
major components. 
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Testing 


The coils should be first set to the proper 
frequencies by means of a grid dip oscillator. 
The unit should then be connected to a good 
a-c operated communications receiver. This wil] 
save battery, gasoline and upholstery of the car. 
A vacuum tube voltmeter or a d-c microam- 
meter is used as a test instrument. Hook a 1/2 
watt 100,000 ohm resistor to the tip of the 
probe to form a low capacity test probe. Apply 
plate and filament voltages to the converter and 
hook the output of the converter to the input 
of the communications receiver. Follow these 
steps: 


1. Check the crystal oscillator. If it is os- 
cillating it will develop a negative bias of 
several volts across the grid resistor R7 
of the multiplier. A normal crystal will 
go in and out of oscillation as L5 is tuned 

frequency. L5 


through the resonant 


COIL DATA 


Li—Oscillator Grid—Self-supporting, airwound, 

8 turns #18 AWG tinned copper en |/," 
O.D. mandrel, spaced to |" overall length, - 
center-tapped, both leads '/2" long. 

L2—Oscillator Plate—Self-supporting, airwound, 

3 turns #12 AWG copper on 14," O.D. 
mandrel, spaced to approx. 34" length, 
center-tapped, leads less than !/4" long. 

L3—R-F Input—Self-supporting, air-wound, 4!/ 
turns #18 AWG tinned copper on 3% 
O.D. mandrel spaced to approximately !/2"' 
overall length, tapped 1'/2 turns up from 
grounded end. Leads approx. !/4"' long. 

L4—R-F Plate—Self-supporting, air-wound, 2 
turns #18 AWG tinned copper on !/4" 
mandrel, spaced to approx. 1/3" length. 
Leads very shert—less than !/4". 

L5—Mixer Plate—Make from parts of RCA coil 
type 202L-1. This coil uses a 9/32" thin- 
walled bakelite coil tube, a chassis mount- 
ing clip, powdered iron slug and a ter- 
minal collar. Remove all wire from original 
coil. Slip terminal collar to end away 
from mounting clip. Coat form with coil 
dope or Duco, then wind 30 turns of #30 
AWG enameled copper wire, close-spaced 
as close as- possible to the terminal collar. 
Use 2 of the terminals to anchor the coil 
leads. 

L6&—Output link—Wind approx. 10 turns of 
##30 enameled wire as close as possible to. 
cold end of L-6 (This is the end nearest 
the mounting clip.) Twist.L-6 leads to- | 
gether to hold coil in place and trim to 
reach terminal board as shown in illustra- 
tions, : 

L7—Oscillator Filament Choke—Self-support- 

ing, air-wound, 20 turns of #20 AWG 

enameled copper close-spaced, leads ap- 
proximately 1'/5"" long (trim to fit). 


R1—56,000 ohm, Yow. 
R2, R7—100,000 ohm, 
Vow. 
R3—10,000 ohm, 2w. 
R4—330 ohm, Yow. 
R5—! megohm, ow, 
All above resistors are 
carbon, + 10% 
tolerance 
Ci—Main tuning, 3-6 
pf. per section— 


National VHF-ID 
(or equivelent—see 
text.) 


C2—Oscillator trimmer, 
3-12 umf: NPO, Ro- 
tary ceramic—Erie 
TS-2A, Centralab 
820-B 

T3—r-f Cathode coup- 
ling, 5,000 wef. + 


100%—50%, Hi-K . 


Ceramic disk type. 
400 volt (min.), 


Erie type 811, Cen- 
tralab type 502 or 
equivalent 

C4—Filament 
same as C3 

C5—R-F—Mixer Coup- 
ling, same as C3 

Cé—R-F—Mixer De- 
coupling, same as 
C3 

C7—Mica Compression 
‘Trimmer, 2 to 36 
puf. ARCO type 
461, Bud MT-833, 
National Type M- 
30 or equivalent. 

C8—Mixer Plate, 100 
pef. = 10% for 
7 me. i-f (for 5 
mc., use 200upf. 
for 10 me. use 56 
puf.) mica or high 
© ceramic, 400 V 

d.c. (min.) 


Bypass. 


nm 


fo] 
Cc 
io 
(Feral ea Pgh a 0 


= 
per 


mole -|5 


R3 
40K, 2W. 


Fig. 32. Parts list and schematic for the 2-meter 
converter. 


appro. Y%" OD, 


should be set slightly off the point of 
maximum output for best stability. If 
no oscillation occurs it will be necessary 
to increase the turns on L4. Use as few 
turns on L4 as possible to prevent insta- 
bility. 

. Check multiplier operation. It should be 
peaked for maximum negative bias across 
the 6AK5 grid resistor, R3. The wire 
coupling condenser should be adjusted to 
produce 5 volts bias across R3. 

. An increase in noise should now be noted 
when the communications receiver is 
tuned around the i-f region of 23-27 Mc. 
Set the receiver to 25 Mc. and peak the 
i-f coil of the converter, L7 for maximum 
noise. Tune the mixer grid and plate 
circuits for maximum noise. 

. Connect a 2 meter antenna to the input 
of the converter. The antenna should be 
arranged for 50 or 70 ohm feed. 

A strong local signal of known fre- 
quency should be applied, and knowing 
the frequency of the signal, the frequency 
of the beating oscillator in the converter 
the resulting intermediate frequency may 
be computed. The communications re- 


ceiver should be tuned to this frequency. 
If all is well with the crystal oscillator it 
shouldn’t be hard to find the signal. It 
should give a T9 beat against the receiver 
BFO. The tuning adjustments in the con- 
verter should then be peaked up for best 
reception. 

5. If the signal is not located where it 
should be on the communications re- 
ceiver or if it sounds rough and unstable, 
the crystal oscillator is operating self- 
controlled. Tuning the crystal stage 
should clear the trouble. If not, the use 
of another crystal is suggested. 

When operating normally the converter 
produces plenty of noise output to override 
the noise of the input stage of the 10 meter 
converter. Thus it controls the sensitivity of 
the entire system. The usual precautions should 
be taken in the automobile to minimize the 
effects of ignition, generator and regulator 
noise. A good ignition noise limiter is a “must.” 

The power to run the converter may be 
taken from the car receiver along with the 10 
meter converter if the combined load does not 
overload the broadcast receiver. If this is the 
case, a separate supply must be used for the 


Mobile Handbook 53 


6AK5 
gg fae 146. MC 23-27MC 
S 4 ” n 
146mMc C4 ey) he COAX 
25 ppt : TERMINA 
128% a ay a 
: 4 : : = Cé . 
ook iy TR tbe 
1-8 ypf ws Sopp . 
eS j ts 1000 
ee +150V sw 
56.9MC 
ceramic High-K, ut ceramic High-K, > MU(LTIPLIER a 
600 volt. Disc type, 500 volt. 2 : OSCILLATOR 
| gt eae. 
C2—Tubular trimmer, RI—| megohm, Vo w. ae c8 iat ee 
Erie type 532-10, | R2, R4, R8—1,000 ohms, 1900.0 Be: 2 = 
to 8 mut. Vo w. C92 sl4 
R3—I megohm, '/p w. edeg Ries aL_j7 XTAL 
C3—250 puf ceramic R5—22,000 ohms, !/2 w. 15W of A (ore 
Hign-K, 600 volt. R&—I0 ohms, '/2 w. RQ > f oS — 
Should be a small, R7—120,000 ohms, '/2 w. EXTERNAL “5W a 
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2 meter converter. 

As a final touch, an auxiliary switching box 
may be added to the 10 meter converter to 
facilitate switching its input from the y-h-f 
converter to lower frequency antennas. 

Five small dots, applied with a fountain 
pen to the dial of the ten meter converter serve 
to indicate the megacycle markings on the 
two meter band, and show up well at night 
due to the indirect illumination of the dial. 


a “Simple-Super” 
for 144 Mc. 


The “mobileer” who looks to v-h-f opera- 
tion is confronted with a definite receiving 
problem. He requires a receiver with the best 
possible sensitivity. An effective noise limiter 
is essential. Good stability under conditions of 
shock and changing battery voltage are also 
important. The selectivity offered by the nar- 
row band-pass of an automobile broadcast re- 
ceiver when used as an i-f system usually re- 
quires constant retuning during mobile net 
operations on two meters, due to the drift of 
transmitters and the usual tolerances on crystals. 

The simple superregenerative receiver offers 
a possible solution, and has been widely 
adopted for v-h-f mobile work. But unless. the 
entire receiver is well shielded and equipped 
with an r-f stage to isolate the detector from 
the antenna, it may radiate and interfere with 
other receivers in the immediate vicinity. The 
usual v-h-f superregenerative receiver tunes 
much too broadly, and is erratic in oscillation . 
across a wide frequency range, such as the 144 
Mc. band, On the credit side, a properly de- 


54 Mobile Handbook 


Fig. 33. Simple Converter. Millen 169042 coil 
forms may be employed for L2, L3, L5 and L6. 


COIL WINDING DATA: FIG. 33. 


LI—R.F, amplifier grid coil; air-wound, #16 AWG 
copper, 5/16" ID, 5 turns, spaced to 34" long, 
leads approx. \/,"" long. Tapped approx. (see 
text) | turn from cold end. Should tune to 
146 mc. 

L2—R.F. amplifier plate coil; close wound on 9/32" 
OD thin-walled bakelite tubing with #18 
AWG vinyl-insulated "bell wire." 5 turns, leads 
approx 1/2" long. Tuned by powdered iron core 
(see text). Should tune to. 146 mc. 

L3—Mixer grid coil, same as L2. 

Link—Two turns around cold end of L2, same 
around L3; interconnection leads short as pos- 
sible. 

L4—Crystal osc. grid coil; Wound using a | meg 
| watt insulated resistor as a form, approxi- 
mately '/," diameter, 13 turns #24 AWG 
enameled copper wire, spaced to 5/8" winding 
length. See text. 

L5—Crystal oscillator plate coil, wound on coil 
tube similar to L2, 8 turns #30 double-silk- 
covered copper wire, close spaced. Tunes to 
approximately 57 me. 

L6é—Multiplier plate coil; Similar to L2 except only. 
3'/2 turns, with leads approximately 1" long. 
Tunes to approx. 170 me. 

L7—I.F. output coil; Made from a 21 mec. TV sound 
if, transformer, original windings removed, coil 
form approx. 9/32" OD, new winding 35 turhs 

close-wound #30 AWG _ double-silk-covered 

copper wire, tuned by powdered iron core, 
tapped 10 turns from cold end. Tunes to 25 me. 


signed superregenerative detector discriminates 
against ignition and similar pulse-type noises. 

Many of the disadvantages of the simple 
superregenerative receiver may be overcome 
by combining it with the superhetrodyne con- 
verter. Experience has shown that such a cir- 
cuit is easy to adjust for optimum performance, 
and the unit described herewith has no un- 
standard parts or tricky multi-purpose cir- 
cuits. The end result is a receiver offering the 
full potential sensitivity of a low-noise triode 
r-f stage, a compromise bandwidth of about 
200 kc, the good inherent noise discrimination 
of a superregenerative detector, and ample 
power output. It is self-contained, and about 
the size of a box camera. It may be used in the 
car, or used as an emergency receiver at 
home. The power requirements are low, and 
plate current may be obtained from a small 
vibrator supply, a dynamotor or from an auto- 
mobile radio power system. 


Circuit Description 


One section of a 6BQ7 (V1) is used as a 
grounded grid r-f stage, the other section as a 
triode mixer. The antenna is directly coupled 
to the r-f stage cathode coil L3. This is an in- 
herently broad-band tank circuit and does not 
require tuning. The r-f stage coil, L4, is tuned 
by a mica sandwich capacitor, C3. In the re- 
maining half of the 6BQ7, the triode mixer, 
the grid leak resistor (R5 and R6) is tapped to 
provide a convenient point for attaching a 
test meter during tune-up. (More on this later.) 
The output coil of the mixer, L5, is also tuned 
by a mica sandwich condenser, C4. 

A 6J6 (V2) is used in the familiar T.N.T. 
oscillator circuit. Varying the amount of self- 
excitation by spreading the turns of the grid 
coil, L2, has a negligible effect on the fre- 
quency. The tuning capacitor is of the split- 
stator type and the rotor need not be insulated 
from ground. The mixer injection signal is 
taken directly from the grid circuit of the os- 
cillator, as changes in the loading on the grid 


Fig. 34. 


Under-chassis view of © 
the mobile 2-meter converter. 


tank have less effect on the frequency of the 
oscillator than changes on the plate tank. A 
“gimmick” coupling capacitor made from a 
short length of insulated wire hooked over the 
mixer grid lead provides sufficient coupling 
and ease of adjustment of injection voltage. 

A 6AKS5 (V3) is used as a superregenerative 
second detector, operating on an intermediate 
frequency of approximately 31 Mc. Basically, 
the circuit is the well-known tapped-coil Hart- 
ley, in which self-controlled quench action is 
obtained through the use of a large grid leak- 
grid capacitor time constant. Experiments have 
shown that in this circuit the quenching fre- 
quency should be quite low—just above the 
range of audibility—for best results. For this 
reason it is necessary to provide a quench-fre- 
quency filter to prevent overload of the a-f 
amplifier by the super-sonic output signal of 
the superregen detector. Resistance/ capacitance 
type filters are used, including C12, R9, R12, 


Fig. 35. The 2-meter mobile converter. 
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The 2-meter converter, ready to be 
bolted to the side of the “Tri-Band.” 


Fig. 36. 


and C15. The filtering also helps to eliminate 
much of the harshness of the usual superregen- 
erative hiss. Regeneration in the detector is con- 
trolled by varying the screen-grid voltage with 
potentiometer R/J9. This control also tends to 
change the quenching frequency, which is 
lowered by raising the screen-grid voltage. This 
detector operates at very low voltages and dis- 
plays unusually high sensitivity and reasonable 
selectivity. An i-f signal of about one microvolt 
can. be copied easily—thus there\is no need 
for additional i-f amplification. Signals are 
coupled between the mixer plate and the de- 
tector grid by means of a very small coupling 
condenser which is formed by hooking a short 
length of insulated hookup wire loosely around 
the plate and grid leads. 

The audio output of this superregenerative 
detector is quite low, requiring considerable 
audio-frequency amplification. This is pro- 
vided by V4, a 12AU7 connected as a conven- 
tional 2-stage resistance-coupled amplifier. 
This stage is coupled to the power output 
Stage, V5, a 6AK6. 

A. panel view of this receiver is shown in 
Figure 37, and ae comple’ schematic is 
shown in Figure 38. 


Receiver Construction 


The receiver is built:on a 414%” x 334” x 
142” aluminum chassis (Bud CB-1627) and 
is housed’ in a black crackle finish 4” x 5” x 6” 
utility. box (Bud CU-729). The chassis is 
laid out:and drilled in accordance with Figure 
39. Jf one has the facilities available to form 


Fig. 37. 2-meter su- 
ree perhetrodyne. 
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“his own chassis it should be cut and drilled © 


for a small bracket for mounting the oscillator 
tuning condenser and audio output transform- 
er. This bracket is shown in Figure 40. It 
should be fabricated from a rather sturdy piece 
of aluminum to insure a rigid mounting for 
the tuning condenser. The front panel is 
mounted to the chassis by means of the regen- 
eration and volume control mounting nuts. 

A 1/32” washer should be slid on _ the 
threaded shafts between the chassis and panel 
to provide a fitting space for the lip of the 


‘cabinet. These washers may be made from the 


punchings of the socket holes. The condenser 
bracket is next mounted as shown in Figure 
41. It is mounted to both the chassis and front 
panel with 4-40 machine screws, making the 
chassis, bracket and front panel one rigid unit. 
Tube sockets are mounted with pin J toward 
center of chassis on all tubes except V2 and 
V5. V5 mounts with pin J toward the outside 
of the chassis. 

The oscillator tube ‘socket is mounted on 1” 
metal standoff pillars using 4-40 screws; with 
pins 2 and 3 toward the tuning condenser. 
The standoffs and screws were salvaged from a 
discarded rotary tap switch. The tuning con- 
denser mounts with its short shaft toward the 
front panel. A lengh of fiber shaft is coupled 


to this short stub with a small flexible coupling 


(Johnson + 104-154). If too large a flexible 
coupling is used it will not clear the top of V3. 
A clearance hole must be drilled in the front 
panel to pass the tuning shaft. It is recom- 
mended that this hole be made large enough 
to clear any eccentricity of the tuning shaft. 
If one does not care to go to the expense of a 
vernier dial, a direct drive dial may be used, 
however, a friction drag should be provided to 
prevent turning of the condenser by vibration. 
Trimmer C3 is secured to the chassis by the 
same bolt used to mount tube socket VJ. C4 
is bolted to the chassis between V7 and V2. 
Similarly C5 is bolted to a hole located on the 
center line of the chassis near V4. The exact 
location and position of the remaining parts 
may be ascertained by referring to the photo- 
graph of the under chassis Figure 42. A strip 
114” wide should be trimmed from the back 
panel to provide clearance for the antenna and 
power receptacles. 

Wiring is simple and straightforward. All 
tube socket grounds should be made to lugs 
mounted under the tube socket mounting bolts. 
Bend these lugs to provide a short path to 
ground. The filament wiring should be dressed 
close to the chassis. Keep all wiring as short | 
as possible, especially in the r-f and mixer 
stages. No r-f circuit lead should be longer 
than 12”. Coils are self-supporting and may 
be located by reference to the photographs. , 
Wiring details of the oscillator may be noted 
by referring to Figure 41. The 6J6 oscillator 
tube, V2, is mounted upside-down, the socket 
being supported by two metal spacers. The 


grid coil is self-supported, between pins 5 and 6 
of the V2 socket. Oscillator test point resistor 
R2 is tied to the coil center tap at the junction 
with R/. Its end is left hanging in space after 
being trimmed. Short leads tie the plate pins / 
and 2 to the bottom lugs of the tuning con- 
denser. The oscillator plate hair-pin inductor, oe? 22> 

L1, is mounted on the two top lugs of the tun- >og * ORS 

ing condenser; and oscillator padder condenser tl 

C2 is soldered across the hairpin close to the ue 
aforementioned lugs. R3 is soldered between : “5 4). 
the center tap of L/ and an insulated tie point oe az> 

on the vertical bracket. The plate voltage lead 2SB 
connects to the tie point and drops down in 
back of C/ through a grommeted hole to junc- 
tion of R21] and C19A. The oscillator injection 
lead is dropped through the remaining grom- 
meted hole—dressed clear of the chassis and 
wrapped one turn around the plate lead of V1 
(pin 1) at the hot end of L4 and C3. Take par- 
ticular care that the “gimmick” lead does not 
make electrical connection with the plate lead 
of VI. Pin 3 of the oscillator tube socket is 
grounded to a lug under the socket mounting 
bolt. RFCI (Ohmite Z-50) is tied to pin 4 
and run through a %” clearance hole in chassis 


TA 


Figure 38. Parts list and wiring schematic. 


Ci—dual variable, 8 
putd. per section 
(Bud LC-1659) 

C2—4.5-25 pufd. zero 
temp. ceramic trim- 
mer (Centralab 
822AZ) 

C3, C4, C5—Mica 
compression trimmer 
(Bud MT833, Millen 

27030, National M30) 

C6, C7, C8, CI—5000 

 pputd. disc ceramic 

(Erie 811, Centralab 

 Dise Hi-kaps) 

~ClO—33 ywufd. tybular 
ceramic (Centralab 
BC Hi-kap tubular) 

Ci l—470 pufd. tubular 
ceramic (Centralab 
BC Hi-kap tubular) 

C12, CI5, C17, C20— 

1000 pufd. disc 
ceramic (Erie 811, 
Centralab Disc 


R3—10,000 ohm, 2w. 
R4—330 ohm, !/w. 
R5, RII, RI4—!I 
megohm, !/ow. 
R7—18,000 ohm, 2w. 


R8—64.8 megohms, !/w. 


R9, RIO—82,000 ohm, 


Vow. 
R13, RI8—540 ohm, 


Ww. 
RI5—1000 ohm, '/ow. 
R17—470,000 ohm, 


Vow. 

R19, R20—50,000 ohm 
potentiometer (IRC 
type Q) 

R21—5000 ohm, 5w. 
wire wound 

RFCI—r-f choke 
(Ohmite Z-50) 

Tl—single 6AK6 to 
voice coil. Pri-!0,000 
ohms, Sec-4 ohms 
(Stancor A3879, 
A3856 ,or equal) 


Hi-kaps) Jl—antenna jack 
C13, C14, C16, Cla— UG-290/U (Amphe- 
10,000 uyfd. disc nol 31-003) 


ceramic (Erie 81/1, 
Centralab Disc Hi- 
 kaps) 

C19—triple section 
electrolytic, 20-20/ 
450v-20/25v. (Mallory 
FP345.8) 

R1I, RI16—56,000 ohm, 


QW. 
R2, R6, RIZ2—100,000 


ohm, '/ow. 


P{—4-pin power plug, 
male, with angle 
brackets (Cinch- 
Jones P-304-AB) 


VI—6BQ7 or 6BQ7A 
(RCA) 


V2—6J6 (RCA) 

V3—6AK5 (RGA) 
V4—12AU7 (RCA) 
V5—6AK6 (RCA) 
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BEND DOWN 


HOLES 


F -#°33 DRILL 

H-# 33 DRILL, 

LOCATED FROM 
BRACKET 


MAT— 2450 ALUMINUM OR BUD C8-1627 ALUMINUM CHASSIS 


Fig. 39. 


Suggested chassis layout and drilling 

plan. The chassis is a BUD {CB-1627 and the 

cabinet is a BUD {CU-729. The method of 
mounting is discussed on this page. 


to pin 3 of V4. It is desirable to wrap RFC 
with a layer of “Scotch” electrical tape or to 
slide it in a length of large-diameter spaghetti 
to prevent it accidentally becoming grounded 
to chassis. 

A shield is required between the input and 
output coils of the r-f amplifier. It is made from 
a piece of flashing copper or metal from a 
“beer can.” It is fitted in after all wiring is com- 
pleted. One edge is soldered to the center post 
of socket VJ and pin 2; the other edge is 
soldered to a lug under the antenna receptacle 
‘mounting bolts. 


Test and Operation 


Apply 6.3 volts to the filaments and 250-300 
volts to the B plus circuit. Connect a suitable 
speaker to the output circuit. Turn the volume 
control R20 fully clockwise and rotate regenera- 
tion control R/9 clockwise. This should pro- 
duce a typical loud superregenerative hiss 
which should change gradually to a squeal 
as the control is rotated. This phenomenon in- 
dicates proper operation of the detector and 
audio stages. It might be well, at this time, to 
check the various voltages at the tube socket 
terminals. The voltages should approximate 
those listed in Table 1. The regenerative de- 
tector stage should be tuned to the vicinity of 
30 Mc. | 

The exact i.f. should be selected in an effort 
to locate the image of your local TV channels 
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out of the two-meter band. The local oscillator, 
operating on the high side of the two-meter 
band, will also receive signals on a frequency 
equal to the sum of the oscillator frequency and 
the if. If an if. of 31 Mc. is chosen, for ex- 
ample, the oscillator frequency range would be 
175 to 179 Mc. and the image range would be 
206 to 210 Mc. This range would include the 
sound channel of TV channel 12 (209.75 
Mc.). By shifting the i.f. slightly lower (per- 
haps to a frequency of 30 Mc.) we can move 
this interfering signal out of the band—where 
it could be used as a marker! : 

The i.f. may be set either by listening to 
the oscillating detector on a cOmmunications 
receiver, covering the frequency range (it 
sounds like a_ broadly-peaked hiss), or by 
tuning in the output signal generator or grid 
dipper. (Don’t be fooled by tuning to a har- 
monic or an r-f circuit response.) The inter- 
mediate frequency is set by padder C5. 

The “gimmick” between L5 and L6 consists 
of a length of insulated hookup wire wound 
one turn around the detector grid coil lead 
and the mixer plate coil lead. It is a form of 
capacity coupling—capacity being varied by 
wrapping more or less turns around grid or 
plate lead as needed. When the capacity of the 
“gimmick” is correctly adjusted, tuning the 
mixer plate padder, C4, through resonance will 
cause the oscillating detector to “suck out” of 
oscillation. Coupling should be adjusted so 
that this effect is barely noticeable—as C4 is 
tuned through resonance it should sound as 
though a weak signal were being tuned in on 
the detector. The detector should be just on 
the threshold of superregeneration for this 
test. After proper coupling is achieved, re-— 
check the detector frequency and readjust as 
required. | | 

The r.f. and mixer may be best aligned with 
a grid-dipper or a transmitter operating in 
the two-meter band. Remove the oscillator 
tube, V2. Insert a 4% wavelength wire (approx. 
19”) in the antenna terminal. Connect a 


v.t.v.m. (set to the 5-volt d-c range) or a 200 : 


F 


A HOLES - # 28 DRILL 
B HOLES ~ # 33 DRILL 


MAT - 24 SO ALUMINUM é THICK 


plan for the small bracket required to mount 
the oscillator tuning condenser, Cl, and the | 
audio output transformer TI. 


: 
Fig. 40. Cutting, drilling and bending layout : 
| 
| 


microamp meter between the mixer test point 
and ground. Ground is positive. Couple the 19” 
antenna closely to the output circuit of the 
transmitter or grid dipper which should be 
tuned to 146 Mc. C3 should be tuned to pro- 
vide the greatest deflection of the meter, cor- 
responding to the best gain in the r-f ampli- 
fier. L3 is inherently broad-banded, no adjust- 
ments are required. Return the oscillator tube 
to its socket. Watch the mixer grid meter as 
oscillator padder C2 is rotated. If the oscillator 
is putting out a signal, there should be a sharp 
increase in grid current as it passes through 
146 Mc: Set the padder to slightly less ca- 
pacity. Turn on a 146 Mc. signal source, which 
may be the grid-dip oscillator or a low-powered 
transmitter. Use loose coupling to receiver, or 
remove the antenna. Set €/ at mid-scale and 
tune in the 146-Mc. signal by adjusting oscil- 
lator paddér C2. Not much re- wang should 
be required. 


Next connect the test meter to the oscillator 
test point at the end of R2. Squeeze or spread 


the turns of the oscillator gril coil, L2, to pro- 
duce a reading of 70 microamperes or (7 volts). 


the r-f stage plate lead to produce a reading of 
about 20 microamperes or 2.0 volts. (Injection 
voltage should not be less than 1.5. or crear 
than 5 volts.) 

Connect an antenna and tune across ae 
‘band. Tune in a signal as near to the center 
of the band as possible. Re-peak the r-f trim- 
mer C3 for maximum volume. Be careful not 
to tune the trimmer to a signal coming in via 
the image response! If in doubt that you are on 
the proper peak go back to the original test 


Flees -41-=,Component layout of 
Jemeter superhetrodyne. 


set-up and check the mixer grid current caused 
by your own transmitter or grid dip oscillator. 

The receiver as designed provides approxi- 
mately 120 degrees of band-spread. More band- 
spread may be obtained by bending the rotor 
plates of C/ slightly outward. Decreasing the 
size of L/ and increasing the capacity of C2 
will also accomplish the same results. Band- 
spread may be decreased by increasing the size 
of L/1 while at the same time decreasing the 
capacity of C2, 

An access hole must be drilled in the case 
to permit. adjustment of C2 after final assembly. 
Installing the unit in the case might shift the 
oscillator frequency slightly. If so, locate a sig- 
nal of: Jenown Yfequency and retune the oscil- 
lator. padder, C2. 


Power Supply 
The unit may be operated from a separate 
vibrapack or a small receiving type of dyna- 
motor supplying approximately 300 volts at 


- 65 ma. If one cares to do a minor operation 
*on the automobile broadcast receiver, power 
“may be taken from this source. It will be neces- 
Move the meter back to the mixer grid test ~ 
point and adjust the coupling “gimmick” to 


sary to install.a switch to disconnect the fila- 


‘ments of the audio receiver to reduce the drain 


on the plate supply. Very few car receivers can 
stand the load required by this receiver—in 
addition to the normal load. 


Antenna 


The input impedance of the receiver, with 
the antenna coil tap as called for in the Coil 
Table, is approximately 50 to 75 ohms. This 
input impedance was chosen to match the con- 
ventional roof top %-wave antenna or coaxial 
mobile antenna. 
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Converter-ettes 


Many amateurs desiring to enter the mobile 
field may partly be held from doing so for 
lack of an inexpensive method of reception. 
An inexpensive and simple receiving arrange- 
ment may also be desirable for use in automo- 
‘biles serving as auxiliary listening units in con- 
nection with CD work. 

The Converter-ettes, such as described here- 
in, are ideal units to cope with the situation. 
They are simple two tube fixed-tuned con- 
verters of high sensitivity, which may be tucked 
away behind the dashboard, under the seat, 
in the trunk, or in the glove compartment. 
Tuning over the range of a band is done with 
the dial» of the automobile broadcast receiver. 
The Converter-ettes have each been designed 
for single band operation. A typical unit is 
shown in Figure 43. 


TUBE VOLTAGE CHART AS REFERRED TO IN TEXT. 


Fig. 42. Under chassis parts 
placement, 2-meter superhetro- 
dyne. 


The R-F Stage 


The circuit diagram for the Converter-ettes 
is shown in Figure 44. The r-f stage employs a 
6BH6 pentode, the grid circuit of which is 
peaked to the center of the band by means of 
the slug in L2. Response is sufficiently broad 
for satisfactory gain over any one band. From 
the coil table it will be noted that fixed capaci- 
tors are added across both the r-f and mixer 
inductors for some of the bands. 

The 6BH6 was chosen for the r-f stage be- 
cause it provides high gain with a noise figure 
lower than that found with other tubes tried 
in this particular arrangement. The 6CB6, 
6AK5, 6BA6, 6AU6, etc., may be used since 
from the practical standpoint, the attainment 
of the lowest noise figure may be a bit superflu- 
ous as far as mobile operation is concerned. 

For CD work, or for other cases where very 
strong local signals may be encountered, pro- 
vision has been made to use a.v.c. on the r-f 
stage to reduce front-end overloading and 
cross modulation. 


The Mixer 
The mixer-oscillator employs a 6U8 triode- 


PIN NUMBERS 


Voltage reference 
chart for 2 meter 
superhetrodyne re- 
ceiver. 


NOTE: ALL MEASUREMENTS TAKEN WITH VTVM (VOLTOHMYST JR.) 
B+ VOLTAGE MEASURED BETWEEN PIN 2, POWER PLUG P1 AND GROUND = 280 VOLTS DC. 
* MEASUREMENT AT MIXER TEST POINT. 
®® MEASUREMENT AT OSCILLATOR TEST POINT. 
 ® ® MEASUREMENT AT POINT OF REGENERATION. 
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pentode dual purpose tube. The pentode sec- 
tion is used as the mixer, while the triode 
portion is used as the h-f oscillator. Other 
mixer tubes such as the 6X8 and the 6BA7 
were tried, but the 6U8 provided the best all 
around performance consistent with high gain, 
low noise, oscillator stability, and minimization 
of oscillator pulling, to be found in one tube. 

It will be noted that the output of the 6U8 
mixer tube is fed directly to the input of the 
auto radio through a resistance coupled co- 
axial line. No special output circuits or low 
impedance links are required. This manner 
of coupling furnishes an output level higher 
than that found with some of the more con- 
ventional methods; in fact, the output from 
the Converter-ette is so high that in many 
installations it may be necessary to pad it 
down to prevent overloading and excessive 
a-v-c action in the broadcast set from only 
average ignition noise pulses. 

The h-f oscillator employs a fixed tuned 
Colpitts circuit. Stray oscillator coupling to 
the mixer is sufficient through the tube capacit- 
ances. Similar types of broadband converters 
often employ crystal oscillators to realize 


Fig. 43. Under chassis view 
of the Converter-ette show- 
ing the location of some of 
the more important com- 
ponents. 


istite 


stability, however, the oscillator used in the 
Converter-ettes has proven to be very stable, 
and no voltage regulation is required. This 
is possible because of the use of good com- 
ponents plus a high C oscillator circuit. The 
high C also reduces oscillator harmonics and 
thereby minimizes the possibility of image re- 
ception of signals from harmonically related 
high frequency bands. 


Construction 


The construction of the Converter-ettes is 
easy and quite straightforward. They are 
built on 4” x 24%”” x 158” chassis (Bud Mini- 
box). An aluminum shield, 17%” wide and 
112” high, separates the r-f stage from the 
mixer-oscillator section. The r-f section con- 
tains the following components, besides the 
qube: socket tori L212? Cl. Cl Aes 
RI, RIA, R2 and SI. A three terminal tie 
strip is mounted along the mixer side of the 
chassis. One end of R2 is connected directly at 
the socket of VJ, pin 6; and the other lead 
of R2 is insulated, and, after passing through 

1%4’”” hole in the shield, is connected to a 
common B plus terminal on the tie strip in 


The Converter-ette may be built 
into a small BUD Mini-box. Each 
unit is complete for funing one 
amateur band with the automo- 
bile receiver as a tuneable i-f 
system. Converter-ettes may be 
made to plug into a rack fitting 
for band changing. 
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RI—220 ohms 
Rla—1!00,000 ohms 
R2—36,000 ohms 
R3, R&—10,000 ohms 
R4—1,000 ohms 


C3, C5—2,000 ppufd. 
disc ceramic 


C7, C8, Ca, Ch—see 


R5—33,000 ohms coil table 
R7—15,000 ohms C9—50 uufd. silver 
R8—22,000 ohms mica 
Cl, C4—4700 pupfd. VI—6BH6 

disc ceramic V2, V3—'/, 6U8 


Cla—1000 pwpsfd. disc 
ceramic 


C2, C6—50 mud. disc 


or tubular ceramic 


Pi—Jones #P304AB 


L4 


Fig. 44. Parts list and wiring schematic for the Converter-ette. 


the mixer section. One lead of R3, located in 
the mixer section, is connected directly to 
the common B plus tie point. The other lead 
of R3 is insulated, and after passing through 
a separate 1%” hole in the shield, is connected 
directly to the socket of VJ, pin 5. One lead 
of C2 is connected to the end of R3 before the 
latter passes through the shield hole, and the 
other lead of C2 connects to the grid terminal 
of L3 which is located near the shield parti- 
tion. This grid terminal is the end of the wind- 
ing at the top of L3. The ground side of L3 
is located at the end of the winding nearest 
to the chassis. 

R5, R6 and R&S are connected directly be- 
tween their respective terminals on the V2 
socket and the common B plus tie point. The 
heater lead for V/ is also brought through a 
separate small hole in the shield, and is con- 
nected to a common heater tie point terminal. 

RI, R4 and R7 are installed right at their 
respective socket terminals. They lie near the 
chassis with their ground ends connected to 
soldering lugs secured by the socket screws. 
One end of RJA is connected directly at the 
bottom end of L2, the other end is connected 
to an insulated wire which is connected to an 
a-v-c tie point terminal in the mixer section. 

The oscillator capacitors, C7 and C8, are 
installed vertically along the side of L4, away 
from the chassis to minimize heat pickup and 
to allow free air circulation around them. They 
are firmly secured by a short lead to a ground 
lug. The plate end of C7 should be connected 
directly to the terminal on L4 nearest the 
chassis. C9 should be connected to the grid 
terminal of L4 (the one farthest from the 
chassis) by a very short lead, leaving the 
longer lead to be connected to the tube sacket. 
Cl, CIA, C4, C5 and C6 are installed last. 
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Power leads for the Converter-ette are con- 
nected directly to a Jones plug mounted on the 
chassis, so that Converter-ettes for different 
bands may be plugged in at will. 

Tube shields are not used, because they are 
not required, and because their use would 
transmit an excessive amount of heat from 
the tubes to the.chassis. Good quality ceramic 
or mica-filled sockets hold the tubes securely 
in place without the aid of shields. 


Adjustment and Operation 


For 28 Mc. band operation, the oscillator 
should be tuned to approximately 28 Mc. This 
may be done by using a grid-dipper, no power 
being applied to the oscillator, but with the 
tube in the socket. With power applied, the 
oscillator may be checked for oscillation while 
using the grid-dipper as an absorption type 


XMTR: 
ANT 


BC 
ANT 


6V_ CONV. BC CONV. CONV. 

HOT HTRS. sere OUT IN 

Fig. 45. A separate switching circuit provides 

a choice of antennas for broadcast reception 

as well as switching the Converter-ette into the 
broadcast receiver. 


requency meter. For better accuracy, another 
eceiver tuned to 28 Mc. may be used, in which 
‘ase the oscillator slug in L4 should be ad- 
usted until the beat may be heard in the re- 
eiver. 

When the Converter-ette is used with a 
roadcast receiver, the h-f range will be 28 Mc. 
"lus the frequency to which the broadcast re- 
‘eiver is tuned. As an example, if the BC 
et covers 500 to 1600 kc., the h-f range will 
re 28.5 to 29.6 Mc. The low frequency range 
m many BC sets begins at 550 kc, in which 
ase the h-f range would start at 28.55 Mc. In 
his case, if it is desired to cover down to 28.5 
Ac., the oscillator frequency of the Converter- 
tte will have to be lowered to 27.95 Mc. This, 
if course, will also reduce the upper frequency 
mit. If it is desired to bring the top of the 
ange to 29.7 Mc., then the oscillator frequency 
vill have to be raised to 28.1 Mc. 

| Next, if a grid-dipper is available, remove 
ae heater and plate power from the Converter- 
tte and peak the r-f and mixer inductors to 
pproximately 30.5 Mc. Apply both heater and 
late power to the unit. Recheck the inductors 
y using the grid-dipper. Because of the loading 
f the tubes on the low C circuits, the Q will 
e lowered, and it may be difficult to obtain an 
idication on the grid-dipper meter. If a dip 
, readable, the frequency will be lower be- 
ause of the change of the tube capacitances 
Then power is applied. The new resonances 
aould fall near, or be adjusted to, the center 
f the band. 

If a grid-dipper is not available, the mixer 
od r-f inductors should be tuned as follows: 
final retrimming should be made in this man- 
er in any case). Connect the output of the 
‘onverter-ette to the input of a receiver hav- 
1g an S-meter which may be used as a visual 
eak indicator. If it is mecessary to use a re- 
ziver not having a meter, disable the a-v-c 
ircuit and use the loudspeaker or headphones 


Fig. 46. 40-meter coil may be 
added to Tri-band converter, 
as shown. 


to make peaking adjustments by ear. Do not 
connect any antenna to the Converter-ette at 
this time. Set the receiver near 1000 kc. Apply 
power to the Converter-ette, and make sure its 
oscillator is functioning at the correct fre- 
quency. Back off the slugs in L2 and L3 all 
the way counterclockwise. This is the highest 
frequency position. Now tune L3 (mixer) 
slug clockwise until the thermal noise peaks, as 
indicated by the S-meter of the receiver. Note 
this point and again rotate the slug clockwise 
until a second noise peak is found. This second 
peak will be that on the low frequency side 
of the h-f oscillator and it is the incorrect one 
to use, but it should be checked in this man- 
ner so that it may be found which frequency 
actually is being peaked. Now rotate the 
slug back counterclockwise to the first peak 
originally encountered. 


Figure 47. Tri-Band before modification. 
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Figure 48. Tri-Band after modification. 


Next tune L2 (r-f) slug clockwise until the 
noise is peaked further. This should be the 
correct point on the high frequency side of the 
h-f oscillator, but the following additional 
check should be made: 

First note the number of turns required 
from the maximum counterclockwise position 
to the point where the peak just found on L2 
has been determined. Then set the slug back 
at maximum counterclockwise, and tune the 
slug in L3 (mixer) clockwise to its second or 
incorrect peak as described above. Then tune 
L2 for a maximum peak, and count the num- 
ber of turns from maximum counterclockwise 
at which the peak occurs. This should be a 
greater number of turns than counted with 
the first peaking of L2. Both settings of L2 
and L3 will be the incorrect ones, since they 
_are both tuned to the low frequency side of the 
oscillator, or at the image of the desired fre- 
quency. Here again, this operation is advisable 
just to check the correct peaking points. 

Finally set both slugs back to their maximum 
counterclockwise positions, and proceed to tune 
them to the correct points by selecting the 
first peak (tuning in the clockwise direction) 
with L3 (mixer), and then by peaking L2 
(r.f.) at the number of turns first counted. 
When the antenna is connected to the Con- 
verter-ette, it may have some slight reactance 
which may be tuned out by slightly repeaking 
: ie 


Frequency Calibration 
Final frequency calibration should be 
checked by tuning in signals of a known fre- 
quency. If the h-f oscillator is operating at 
exactly 28 Mc., the dial of the broadcast set 
will serve as the calibration for the whole band, 
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and reference may easily be made by adding 
the broadcast frequency to 28 Mc. 600 ke on 
the dial then becomes 28.6 Mc., 700 kc be- 
comes 28.7 Mc., 800 kc becomes 28.8 Mc., 
etc. If the h-f oscillator has to be shifted to 
take in the extremes of the band, as described 
earlier, then the dial calibration will be differ- 
ent by the amount the oscillator has been 
shifted. 

The Converter-ettes for the other bands are 
lined up by following the same procedure as 
for 28 Mc., with the oscillator frequency tuned 
to the desired frequency minus the frequency 
to which the BC set is tuned. For example, on 
14 Mc. it may be desirable to select 1000 to 
1400 ke for the tuning range so that the cali- 
bration will fall in line, making 1000 ke equal 
to 14 Mc., 1100 ke equal to 14.1 Mc., etc. 
In this case the h-f oscillator must be tuned 
tO-15.. Mic; 

On the other hand, the bandspread of the 
BC set may be too cramped in this range, in 
which case it may be more convenient to use, 
say, 600 to 1000 kc as the range. It is suggested 
that the range having the greatest bandspread 
be used, and if the BC dial is quite uniform, 
giving a choice of ranges, it is best to select 
the highest frequency end to obtain the best 
image rejection. Final peaking of the r-f and 
mixer inductors of the Converter-ette should 
be made at the center of the band used. 


Installation in the Automobile 


Upon installation in the car, any length of 
shielded antenna cable may be used to connect 
the Converter-ette to the BC set. In most 
cases it may be desirable to provide a switch- 
ing arrangement, with appropriate shielded 
connectors, to change between Converter-ette 
and BC reception. This switching unit may be 
made up in a separate small box which may be 
mounted in an inconspicuous, but convenient, 
place. The circuit for one such arrangement is 
shown in Figure 45. A three position switch 
is used which permits the choice of normal 
broadcast reception on the BC set, or h-f recep- 
tion through the Converter-ette. It also pro- 
vides a choice of using either the normal 
broadcast antenna or the transmitting antenna 
on the Converter-ette. In addition, the heater 
supply for the Converter-ette is connected 
through to the BC set whenever the switch is 
placed in one of the h-f positions. 

It will. be seen that the broadcast antenna 
line is broken at two points through switches B 
and C. This, together with the separate switch 
decks, eliminates any possible leakage to the 
BC set of broadcast signals which otherwise 
might creep in when the Converter-ette is used. 

If, when power for the Converter-ette is ob- 
tained from the BC set power supply, it is 
found that feedback or motorboating occurs 
when an h-f signal is tuned in, a decoupling 
filter should be installed between the Converter- 
ette ana the BC set. This may be done at the 


} 

BC set. The filter should consist of a 1 watt 
2000 ohm resistor in series with the B plus 
lead to the Converter-ette, with an 8 pfd. elec- 
trolytic capacitor connected between ground 
and the Converter-ette side of the resistor. 

In certain cases the output from the ‘Con- 
verter-ette may be too high causing overload- 
ing or excessive a-v-c action of the BC set. 
This may be reduced by padding down the 
output of the Converter-ette by means of a re- 
sistor connected between the output side of 


Kg Fig. 49. 40-meter coil attached to back plate of 
“Tri-band” converter. 


C6 and ground. The resistor will vary in indi- 
vidual cases, ranging from 100 to 3000 ohms. 
To find the correct value, set the volume con- 
trol slightly above normal operating level, and 
disconnect ‘the antenna from the Converter-ette. 
Then try different size resistors until the one 
is found which drops the thermal noise down 
to where it can just be heard. 


ix Bands on the 
ri-band Converter 


The early model Gonset Tri-band converter 

ay easily be modified to provide reception on 
Il amateur bands between 10 and 80 meters. 
Il that is needed is a coil, a couple of trim- 
mer condensers and a toggle switch. No new 
bandswitch is required, no major rewiring iS 
necessary, and no tracking problem is en- 
countered. 
_ In the Tri-band converter, the oscillator coil 
is not switched when changing from band to 
band. Only the antenna coils are changed. 
The basic frequency range of the oscillator is 
approximately 7450 ke to 9600 kc, and the 
second and third harmonics of the oscillator 
are used for 10- and 20-meter operation. 


A consideration of the mechanics of tuning 
the bands already available on the Tri-band 
would indicate that to receive 40 meter sig- 
nals it would be necessary to add an antenna 
coil for that band (Figure 46), and to move 
the oscillator frequency to get a range that is 
1440 kc removed from the desired range of 
7 to 7.3 Mc. and,—actually, that is all that is 
necessary. Experiment showed that by switch- 
ing in enough capacity in the oscillator circuit 
to allow low-beat operation (oscillator tuning 
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DRILLED IN BACK PANEL 
TO CENTER SWITCH AND 
BRACKET BETWEEN TUBES. 


Figure 50. Coil bracket details. 


5560 to 5860 to cover 40 meters) the 40-meter 
band could be set in the center of the tuning. 
range of the converter, and the band is spread 
over a full rotation of the dial, with nearly 


_ perfect tracking. 


While initially considering the modification, 
it was felt that a new band change switch 
would be required, with one more position, but 
once the technical details of oscillator fre- 
quency, etc., were out of the way, and the cir- 
cuit diagram and layout of the converter was 
looked into more closely, it was found that the 
installation of a new band-switch was un- 
necessary. 

Two switches will be found on the front of 
the converter: One, the rotary band switch, the 
other, a two-pole two-position slide switch. The 
fourth position of the band switch is marked 
“BC,” and in this position, the antenna, which 
in the other three positions is switched to one 
of the converter antenna coils, is switched to 
the slide switch for transfer into the car re- 
ceiver. So, as originally wired, it is necessary 
to put the band switch in the “BC” position 
and the slide switch to “Off” before regular 
broadcast signals can be received. By changing 
this arrangement, it is possible to make use of 
the “BC” position of the band switch to con- 
nect our 40-meter antenna coil and oscillator 
trimmer. To do this, it is necessary to rewire 
the slide switch, removing the filament con- 
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BAND SWITCH ON < OFF SWITCH 
3P4T ROTARY 2P2T SLIDE TYPE 


SWITCHES VIEWED FROM REAR. LETTERS AND NUMERALS 
ARE REFERRED TO IN TEXT ANO CIRCUIT DIAGRAMS. 


Tri-Band switch details. 


Figure 51. 


trol from it to give us another section to do 
the antenna switching previously done by the 
band switch, and to add a toggle switch on 
the rear panel to switch the filaments on and 
off. Following this modification, the filaments 
may be left on or switched off, and the band 
switch can be on any of its four positions 
while you receive regular broadcast signals— 
only the slide switch need be used to switch 
from broadcast to amateur reception. Figures 
47 and 48 show the connections for both 
switches before and after modification. 

The various problems involved in getting a 
coil of the proper inductance fitted into the 
available space were solved as shown in the 
chassis photos. The coil, wound with 18 turns 
#26 enam., tapped 4 turns from ground end, 
on a slug tuned form of %-inch diameter and 
114%4-inch length, is mounted from the back 
panel by means of a bracket held to the panel 
by the filament switch. Details of the bracket, 
and a drilling guide for the back panel, are 
shown in Figures 49 and 50. The method of 
assembling the switch, coil and bracket, and 
of mounting the assembly is shown in the 
photos. 

In the actual work of wiring the modifica- 
tion, according to the following step-by-step 
procedure, reference should be made to Figure 
51, which is a sketch of the-rear of the 
switches, viewed from the left side of the 
chassis with the front of the converter facing 
away from you. Letters and numerals on this 
sketch are referred to in the following instruc- 
tions, and on Figures 47 and 48 as well. 

Remove the back panel and the 6BH6 and 
6C4 tubes from the converter. Drill a 12-inch 
hole in the back panel, according to the de- 
tails in Figure 50. Mount the toggle switch 
and coil bracket temporarily, with the coil in 
place, to make certain that the switch and coil 
will clear the two tubes. Position the coil on 
the bracket so the coil leads come off slightly 
left of center of the coil toward the front of 
the converter. When you have made certain 
that the coil and bracket assembly can be put 
in place without interfering with the tubes, the 
back panel should be set aside for the present, 
until the wiring changes around the switches 
have been completed. 

Access to the switch terminals can be facil- 
itated by first unsoldering the 10-meter antenna 
coupling capacitor and shunt coil from ter- 
minal / on the band switch. 
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From terminal C, remove the wire which 
comes up from below the chassis through the 
large rubber grommet, and from terminal // 
unsolder the heavy bus-bar; interchange these | 
two wires, bus bar to C and wire from below 
chassis to JJ. | 

Mount the 40-meter oscillator trimmer C2 
(3-30 pyfd. with 68 pufd. negative temperature 
coefficient capacitor in parallel) on the under 
side of the chassis, behind the dial. Connect 


top leaf of trimmer to chassis, and the fixed 


plate to terminal 72 on the band switch. 

Remove wire from terminal 4 of band 
switch; pull back down thru grommet and clip 
off at the point where it connects to the 50 
upfd. broadcast antenna coupling capacitor. 
Also clip capacitor lead at same point, as close 
to tie point as possible. Terminal 4 of the 
switch will be used for the tap on the 40-meter 
antenna coil. 

On the slide switch under the chassis, re- 
move the filament and pilot light leads from 
terminal 7/4. (These leads may be on D rather 
than /4—they are so shown on the manufac- 
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1-F AMP 
6BH6 


| UNDERLINED PARTS ARE TO BE REMOVED 


A. SCREEN AND CATHODE CIRCUITS, GONSET “TRIBANO" 
AS ORIGINALLY WIRED. 


B. CIRCUIT CHANGES TO ALLOW IMPROVED PERFORMANCE 
OF TRIBANO CONVERTER, FOLLOWING “DELUXE” CIRCUIT. 
Of 104 ff Dise CERAMIC 
CERAMIC 
ey = TEXT 
R3- 2702, 1/2 WATT 
PY} R4 -2700.2., 1/2 WATT 


Fig. 52. Tri-Band screen and cathode circuits, 
before and after modification. Performance 
equals that of the new, “Deluxe” circuit. 


‘urer’s diagram, but were connected to /4 in 
he writer’s converter.) Reroute pilot light 
ead to other side of chassis and connect to hot 
ilament connection of 6CB6 RF amplifier 
ee (Pin 4). 

_Unsolder hot 6 volt lead from terminal D 
(or 14—\ the opposite terminal from which you 
-emoved the filament and pilot light leads). 
Work this lead, and the filament lead left from 
ihe last operation, back to the rear of the 
chassis, near the end of the power cable enter- 
ng the chassis. Pull both of these leads off to 
yne side temporarily. 

Carefully drill a % inch hole near the edge 
of the chassis, about 1% inches from the back 
ip of the chassis, between the 6BH6 IF tube 
ind the 75-meter antenna-coil. Insert a rubber 
srommet and pull the filament and 6 volt lead 
ip thru the grommet; solder these wires to the 
witch. The back panel, with coil and switch 
issembly, may now be mounted permanently. 
Unsolder the wire from switch terminal A, 
ind pull back down through chassis; reconnect 
o D of slide switch. Connect the free end of 
he 50 pufd. BC antenna capacitor to 15. The 
sonverter output lead on /3 is left untouched. 
| Connect terminal 7/4 to A on the band 
witch. This completes the wiring changes in- 
rolved in the modification. 

Connect the tap on the newly installed 40- 
neter antenna coil to 4 on the band switch, and 
-onnect the grid end of the coil to 8. A connec- 
ion from the ground end of the coil to the 
sround lug on which the 75-meter antenna 
Trimmer is mounted (at the rear of the tuning 
sapacitor) completes the modification. Rein- 
‘tall the 10-meter coupling capacitor and shunt 
oil, and the converter should be ready for 
uignment and calibration. 

Apply power and check the operation on 10, 
20 and 75 meters. Performance on these bands 


Fig. 53. I-f peaking coils L1 and L2 are 
mounted beneath the converter chassis. 


should not be changed. Assuming the results 
of this check to be satisfactory, switch to the 
BC position and set the dial to zero, with the 
pointer just at the left edge of the 10-meter arc. 
With a signal of known frequency near 7.3 
Mc. applied to the converter input jack, ad- 
just the 40 meter oscillator trimmer under the 
chassis until the signal is heard at this dial 
setting. Set the antenna trimmer on the front 
panel to about 34 maximum capacity and ad- 
just the slug of the 40-meter antenna coil for 
maximum signal. Now, set the signal genera- 


Fig. 54. S-meter and crystal marker. : 
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tor to 7 Mc., and rotate the converter dial 
clockwise (pointer going counter-clockwise 
through the 75-meter arc) until you hear the 
signal again. You should find that the dial 
reads very near zero again, and the pointer 
will be between the 20- and the 75-meter arcs. 

If desired, the dial may be calibrated at 
100 ke points across the 40-meter region. To 
locate the 15-meter band, switch the converter 
to the 10-meter position and turn the dial 
clockwise. The 21-21.5 Mc. region will fall be- 
tween 15 and 50 of the inner dial, at the ex- 
‘treme clockwise end of the tuning range on 
this band. 


More Gain from the Tri-band Converter 


In the original converter, coupling between 
the mixer and i-f amplifier, and between the 
i-f amplifier and the output was of the re- 
sistance-capacity type. By replacing these 
resistors, as shown in Figure 52A with small 
coils (Figure 52B) a satisfactory increase in 
gain may be had. Placement of these coils is 
shown in Figure 53. 

The r-f and i-f amplifiers make use of com- 
mon screen and cathode resistors and con- 
densers. Replacing these with separate re- 
sistors and condensers for each cathode and 
screen circuit results in a further improvement 
in converter performance. 

The exact values of inductance specified in 
the parts list need not be used, if coils of nearly 
the same value are available—the writer used 
2 pies of a 1 mh. r-f choke for the 225 micro- 
henry input coil, and the secondary of a small 
broadcast r-f coil for the 600 microhenry out- 
put inductance. Since exact resonance at the 
1440 kc intermediate frequency is not being 
sought, any values reasonably near these 
should be satisfactory. The main problem is 
getting coils of approximately the correct in- 
ductance small enough to fit in the available 
space. 
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Fig. 55. S-Meter/Xtal Marker schematic 
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In removing pies from r-f chokes, for use as. 
inductances in such cases, an approximation of” 
the resulting inductance is made by assuming 
that the inductance of a coil varies approxi- 
mately as the square of the number of turns. 
‘Fherefore; removing two pies from a four-pie 
choke will give a coil of approximately %4 the 
original inductance. This is not precise, but 
serves well enough for most applications. 

One other change was made in the later con- 
verters: The user was given a choice, by means 
of a switch at the rear, of either high or low 
input impedance input on 75 meters. This in- 
volved switching the antenna to either of two 
primary windings on the 75 meter antenna coil. 
In a given installation the antenna impedance 
should be fixed, either high or low, so the 
switch should not be necessary once the im- 
pedance has been established. Therefore, this 
improvement could be quite simply had by 
experimenting with various sizes of primary 
windings on the 75 meter antenna coil, to de- 
termine the optimum impedance ratio in your 
own installation. In the case of the writer’s 
converter, the coil as originally supplied proved 
to be just about right as it was. 

The changes involved in bringing the con- 


HORIZONTAL RADIATION PATTERN | 


VERTICAL 
UNBALANCED 
LOOP 


TO RECEIVER 


Fig. 56. Connections and directional pattern of 
the “Nobaloop.” 


verter up-to-date are few, and should be easy 
to make with the aid of the “before-and-after” 
diagrams attached; reference to the photo will 
give the approximate layout of the eae in- 
volved. ' | 


S-Meter and 
Crystal Marker for 
Mobile Receivers 


: 
: 
Users of the Gonset Super-ceiver can easily 
add an external S-meter and crystal marker in 
the small package shown here. | 
The crystal marker is very useful to ac- 


curately calibrate the Gonset Super-6 con- 
verter on the various bands (via the trimmer on 


| 
i 


Fig. 57. Photograph of “The Nobaloop” com- 
plete, ready to plug into the mobile converter. 


a converter). By using the BFO it also serves 
o double-check the accuracy of the transmit- 
r VFO on the various bands. Considering the 
xposure of the VFO to vibration and severe 
emperature variations, the crystal-marker 
theck is good insurance against possible greet- 
gs from you-know-who for emitting a signal 
n the wrong frequency. 

| The S-meter is really more useful in peaking 
he antenna for various bands, or in trimming 
p the converter-receiver combination for max- 
mum performance. Actually little use is made 
f the S-meter in mobile operation for render- 
ng signal reports since the eyes should be kept 
a the road. 

Luckily, an accessory socket (SOC4) at the 
ear of the tuning-head of the Gonset Super- 
eiver provides 
\VC, GND, B+ 180 V., and heater voltage. 
“he B+ will provide approximately 5 ma. con- 
inuous (adequate for the S-meter) and ap- 
iroximately 25 ma. for a few seconds (for the 
rystal marker if only used for a short dura- 
ion). 
| this unit uses a twin-triode 12AU7 tube 
nd a small one-inch-diameter O-1 ma. meter 
9 save space. The crystal is mounted externally 

allow for easy change. The B+ toggle 
witch, mounted adjacent to the S-meter, 
witches the unit from S-meter to crystal 


convenient connections for: 


marker. The unit mounts on the steering post 
adjacent to the converter. The small cabinet 
measures only 444” long, 214” wide, and 
112” high, a standard catalog item (Figure 
54). 

A 3.5 Mc. crystal from a Command trans- 
mitter is excellent for accurately spotting 28, 
21,014,,and. 7° Mc. A.3900 kc PR crystal>ih 
the same socket spots the center of the 75 
meter *phone band. A regular 8-pin octal 
socket, properly wired, serves well as the 
crystal holder. 

Adjustment: Turn the r-f gain to maximum, 
pull the tube and adjust resistor R across the 
meter for maximum reading. Replace the tube, 
switch on the BFO and adjust R2 for a zero 
reading. Now switch off the BFO and the 
meter should respond to the incoming signal. 

The circuit of this unit is shown in Figure 
55g 


the 
Nobaloop 


Herein described is the simplest of DF loops, 
with no ambiguity of direction. It has but a 
single direction of maximum signal and a single 
null. It was designed for locating signals on 
the ten meter band but has been used with 
reasonable success on the lower frequency 
bands. 

WO6WYA has used this loop in no less than 
80 transmitter hunts, winning 15 first place 
findings and placing within the first 25 percent 
of early arrivals in nearly all the remaining 
hunts, which is excellent considering random 
factors involved in transmitter hunting—navi- 
gation, condition of roads and traffic laws. 

The business end of the Nobaloop is a 38- 
to 46-inch length of copper tubing (%4-inch 
gasline is fine) bent into a neat circle. The 
ends are flattened for about half an inch in a 
plane perpendicular to the radius. Number 28 
holes are drilled through the flattened tubing 


about %4-inch in from the ends. The loop is 


attached to a coax receptacle such as Am- 
phenol 83-IR or military type SO239. One loor 
end is attached to the outer conductor by a 
6-32 screw through one of the four holes. The 
other loop ‘end is placed over the receptacle’s 
center-conductor lug and soldered heavily. This 
completes the loop. 

Approximately 70 inches of RG-59U coax 
is used to connect the loop to the receiver, 
with appropriate coaxial plugs attached. 

A suitable handle for the Nobaloop may be 
made of %-inch brass or copper tubing 8 
inches or so in length. This is secured to the 
knurled part of the loop’s coax plug by solder. 
If both the cable plugs are too large to be fed 
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Pictorial diagram of typical r-f am- 


Fig. 58. 

plifier loop, illustrating placement of parts. 

Although aluminum may be used, copper tubing 

is usually preferred because of its ease of 
handling. 


through the tubing used, remember to slip 
the tubing over the cable before attaching both 


plugs. 


How to Use 


The loop is held by hand out the window 
a few inches above the top of the car. It is 
held with the hand near the loop for technical 
as well as practical reasons. With the loop held 
out the window, the receiver is tuned to the 
desired signal. Rotating the loop causes the 
signal to vary. Maximum signal is in the 
plane of the loop, in the direction of the un- 
grounded end of the loop (Figure 56). 

Minimum signal is in the same plane but in 
the reverse direction, the direction of the 
grounded loop end. 

When the received signal is weak, maximum 
signal is used for direction finding. When the 
signal becomes strong the sharper minimum 
signal, or null side may be used. 

The signal received via the loop is about 
25 percent of that received by the standard 
whip. A close-up of the Nobaloop is shown in 
Figure 57. 


Direction 
Finding 


There are two types of direction finding 
loops in general use. One type includes an r-f 
amplifier, and the other does not. Both give 
equally good directional indications, but the 
former provides considerably more gain. Gen- 
erally speaking, the loop with the built-in r-f 
amplifier will allow you to copy any signal you 
can hear on the quarter-wave whip, while with 
the other type, signals below approximately 
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S5 or 6 will be unusable. 
Let’s take the more complicated amplifier 
loop first. Mechanically, it consists of a metal 
box containing the amplifier components to- 
gether with the batteries to operate it, and. 
the loop itself, which is made of ¥% or %2-inch 
copper or aluminum tubing. None of the di- 
mensions are critical. The loop can be made 
10 inches in diameter separated at the top by 
14-inch or so, and the adjoining ends of the 
tubing wrapped with tape to maintain the 
spacing. | 
For 10-meter operation a single turn of 
small copper wire (#28 or #30) is pulled 


through the tubing. The wire should be covered 
with spaghetti or small glass beads for insula- 
tion and to keep stray capacity to a minimum. 
If the wire is too large or not kept away from 
the walls of the tubing, the distributed capacity 
may be too large to allow the loop to resonate 
at 10 meters. | 


Fig. 59. Interior view 


of loop amplifier 

employing acorn 

tube. 

Unless one has facilities for working 


aluminum, it is easiest to use a sheet metal box 
and copper tubing, securing the tubing to the 
box with heavy solder points. 

Tubes best adapted to use in the amplifier are 
the acorn series, types 957, 958 or 959, requir- 
ing only a single dry cell for filament power. 
These tubes were plentiful on surplus until a 
short time ago and should be used if at all 
possible. If not obtainable, almost any small 
114-volt triode or tetrode will provide enough 
gain for satisfactory operation. 

The circuit should be laid out in such a 
manner as to minimize coupling between the 
grid and plate components. Use of a shield is 
recommended between the grid tuning con- 
denser and the rest of the circuit. If an acorn 
tube is used, only the grid pin need project 
into the grid compartment, everything else 
being outside the shield. The triodes, of course, 
will oscillate unless precautions are taken, and 
since neutralization never seemed to work out 
very well in this application, a filament 
rheostat can be installed and the filament volt- 
age backed down until the tube is operating 
below the point of oscillation. A regenerative 


triode amplifier used in this manner gives just 
about as much gain as a tetrode. Oscillations 
in the loop, when present, are evidenced by 
strong carriers heard in the receiver, which 
warble when the loop is tapped lightly. 
Connection to the receiver is made with a 
length of 52-ohm coaxial line of appropriate 
length (preferably of the small variety ). 
__A diagram of a loop-amplifier is shown in 
Figure 58. Interior and exterior views are 
shown in Figures 59 and 60. The loop ampli- 
fier schematic is shown in Figure 61. 


The Unshielded Loop 


The second type of loop in common use, 
though unshielded and without r-f amplifier, 
nonetheless gives just as accurate indications as 
its bigger brothers, and fellows who use it on 
hunts ask for and are given no handicap or 
quarter. 

The square loop shown in Figures 62 and 
63 is an example. This simple loop has brought 
its owner in first at many hunts and in com- 
petition with all manner of homing devices. It 
is constructed on a 12-inch square frame 
sawed from %4 inch masonite or plywood, with 
a four-inch projection left on at the bottom to 


Fig. 60. Exterior view of loop amplifier. 


RI—25 ohm rheostat 
CI—15 pwufd. air 


L3—3 turns hookup 
wire wound. on L2 


trimmer Swl—s.p.s.t. toggle 
C2—.002 pfd. switch 
Li—single turn #28 VI—1.5v triode or 
(see text) tetrode (see text) 


L2—15 turns #18E 
closewound on !/" 
slug-tuned form 
(National XR50) 


Fig. 61. Parts list and schematic of loop and 
amplifier. Tube VI can be almost any small 
1¥2-volt triode or tetrode. RI provides filament 
voltage control in order to prevent oscillation 


Note—if triode is used, 
omit screen to B+ 
lead, but retain C2 
in circuit. 


serve as a handle. The 300-ohm twin-lead is 
fastened around the edge of the frame with 
electrician’s tape. The coil must be shielded 
and the shield connected to the coil center-tap, 
one end of the pickup coil and the outside 
braid of the coax. 

With the loop connected to the receiver in- 
put, there should be a definite increase in noise 
as the device is tuned through resonance, being 
quite marked in the amplifier-type loop and to 
a lesser but still noticeable degree with the 
simpler model. Either loop, however, will, at its 
resonant frequency, give a strong indication 
in a grid dipper held two or three inches away. 


Is Your Loop Working Properly? 


These are but two examples of successful 
direction-finding loops, and there are endless 
possible variations of design. Regardless of 
which type you use, there is one simple, in- 
fallible test to determine whether your loop is 
indicating correctly. Tune in a signal and ro- 
tate the loop until a dip in signal strength oc- 
curs. Take careful note of the loop’s position, 
then turn it 180 degrees to the opposite direc- 
tion. Another null or dip should appear exactly 
180 degrees from the first. If it does, your loop 
is working perfectly; if not, your loop is not 
to be trusted. The nulls or sharp dips in signal 
Strength occur when the plane of the loop is 
at right angles to the direction of arrival of 
the signal. An easy way to avoid confusion is 
to remember that when the loop is at the null 
point, you look directly through it at the hid- 
den transmitter. Important factors in proper 
operation are equal pickup in both sides of the 
loop, and complete shielding to avoid r.f. 
pickup in any other portion of the circuit ex- 
cept the loop itself. 
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To date no simple way has been found to re- 
solve the 180 degree ambiguity of the loop an- 
tenna—it gives no indication which of the two 
nulls is the correct one. Fortunately we have at 
disposal a means of quickly determining the 
approximate direction of arrival of a received 
signal. Most mobiles have their whips mounted 
at the rear of the car, resulting in a pronounced 
gain (2 or 3 S-units) on signals arriving from 
the direction in which the car is facing. The 
procedure is to drive the car in a circle while 
watching the S-meter. Stop when the strongest 
signal is being received, and the car will be 
headed in the approximate direction of the 
transmitting station. 


Attaching the Loop to the Car 


Opinion seems to be about equally divided as 
to whether it is best to hold the loop in your 
hand when taking bearings or to fasten it to 
a window-mount as shown in the photographs. 
If you decide to use a mount for your loop, 
you probably have your own ideas on how to 
build it. One method of construction is sug- 
gested in Figure 64. Exact dimensions and de- 
tails will have to be tailored to fit your particu- 
lar car window. The loop is fastened to a two- 
or three-foot length of aluminum tubing or a 
broomstick. The main support member may be 
fashioned from a piece of two-by-four lumber, 
grooved on each end to conform to the curve 
of the window, with sponge rubber or felt glued 
to the ends to protect the car finish. The com- 
pleted mount is then wedged in the car window 
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Figure 62. 


opening against the upright partition dividing 
the main window from the wing. It is held in 
place by a stiff rod from the center of the two 
by four to the window guide groove at the 
opposite side. 


The S-Meter 


S-meters are a necessity in serious direction- 
finding work, and they run the gamut from a 
simple milliammeter lying in the glove compart- 
ment to deluxe illuminated jobs permanently 
fitted into the dashboard ashtray openings. 

The simplest satisfactory S-meter is a low 
range milliammeter of about 4 or 5 ma. full 
scale connected in the receiver between cathode 
and ground of one or more r-f or i-f stages. A 
meter connected in this manner will read ‘back- 
wards’; that is, with no signal it will read near- 
ly full scale, swinging back toward zero when 
a signal is tuned in. A forward-reading S-meter 
requires a simple bridge circuit. Either type 
works well for this application, and full de- 
tails can be found in any handbook and need 
not be repeated here. Signal-strength meters are 
almost universally used in home stations and 
are being found in more and more mobiles 
where they are proving to be equally useful. 


Now for the Hunt 


We're meeting tonight at the fairgrounds 
where there’s plenty of room for all the cars to 
circle without danger of bumping into each 
other. Whoever happens to arrive first at the 
meeting place makes a note of each mobile as 


- 


it comes in, the frequencies of any who are 
not on the net frequency, and eventually 
gives the list to the hidden transmitter when 
it comes on the air at 8 o’clock. 
Okay, we’re all here—the loops are on the 
cars, tuned up—we’re ready to go, and it’s 
every man for himself! 

With our rear-mounted whip connected to 
the receiver, we pull some distance away from 
the rest of the gang and make a couple of slow 
circles, keeping an eye on the S-meter. We get 
an $3 reading when headed south and S5 when 
facing north, so we pull out of the south en- 
trance of the grounds (to confuse the others) 
and head north on the nearest through street. 

With our whip tied down and running on the 
loop, the hidden transmitter’s signal is weaker, 
fading out completely on the null, which now 
indicates due northeast, being a more accurate 
check than we got from the broad maximum 
off the front of the car with the whip. 

_ With the edge of the loop pointed at the sta- 
tion for maximum signal, we get a reading of 
S3, which we make mental note of to check 
with later readings to make sure the signal 
will build up in the direction in which we, are 
heading. 

_ Straight north we go—three, four, five miles 
and the null swings around more and more to 
an easterly direction; slowly at first, but more 
rapidly until it bears due east. Turning right 
at the next crossroad, the loop, of course, shows 
straight ahead and a glance at the S-meter shows 
a reading of S7 with the loop oriented for maxi- 
mum strength, proving that we are drawing 
steadily closer. 

Another minute ticks off and the bearing is 
changing again, this time to the northeast once 
more. Abruptly it begins to shift more rapidly 
and the volume builds up considerably at the 
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Fig. 63. Schematic of an unshielded loop. The 

coil must be shielded, and the shield connected 

to coil center tap, one end of pick-up coil and 
outside braid of co-ax 


Fig. 64. A view of the type of window mount 


described in the text. This loop was built into 

the box from a BC-610 plug in exciter tuning 

unit. The upright piece of pipe was taken from 
an old sun-lamp. 


same time—shut off the loop filament; we don’t 
need an amplifier now and we might as well 
save the batteries. 

Now we must be careful; we slow down, 
stopping the car whenever the hidden trans- 
mittér stands by, since we want to turn off to 
our left whenever the loop shows a right angle 
(due north) bearing again, and we’re so close 
to the hidden transmitter now that we could 
easily go right by him between transmissions. 
And wouldn’t we be confused by an east-west 
bearing again! 

He’s on the air once more; our bearing is 
due north and there’s a barely discernible, lit- 
tle-used road turning off to our left, paralleling 
the railroad tracks. Up one hill and down an- 
other we go, making several turns and bends. 
The signal is so strong it overloads the loop, 
making it difficult to get nulls and the twisting 
road makes it impossible to keep track of the 
bearings we do manage to get—nothing to do 
but keep going and maintain a sharp lookout 
on all sides for possible hiding places. Now 
what! A sharp bend around a thicket of tall 
weeds and underbrush, and we’re heading right 
back where we just came from—a deadend 
loop in the road! No signal from the hidden 
transmitter, either; he must have caught sight 
of us and closed down; but where is he? Let’s 
take the flashlight and have a look around. He 
can’t be very far away—he was blocking our 
receiver during his last transmission. Well, 
what do you know! There’s a car over here be- 
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- hind the thicket we just circled; it’s the hidden 
transmitter all right. He must have driven 
around the bend keeping just ahead of us 
with his lights turned off so we couldn’t spot 
him. Well, all’s fair in hidden transmitter hunts 
and we came in first, so we'll be hidden trans- 
mitter next week. Know any good spots? 
Shhh! Not so loud! Let’s Keep it to ourselves, 
huh? 


Additional Suggestions and Hints 


Experience, sometimes bitter, has shown the 
hidden transmitter should not be located (a) on 
private property, (b) in a boat, (c) on an 
. island, (d) in a cave. 
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All transmissions by the hidden transmitte: 


should be at least two minutes long to enabl 
taking of bearings. 


Identities of incoming cars should not be dis 
closed for at least 10 minutes after their ar 
rival to avoid giving clues to other hunters wh« 


may have seen a praticular car shortly: befor 
and, therefore, know that they must have bee1 
very close to the hidden transmitter at tha 
location. A vertical antenna should be used by 
the hidden transmitter since loops do not shov 
true direction of horizontally polarized waves 

And, finally, don’t play your hunches—th: 
loop is practically always right!! 


Chapter Four 


Ignition 
Noise 


Problems 
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Ignition Noise 
Problems 


The automobile, in addition to being a means 
of transportation, and a container for mobile 
equipment, is also a prolific source of noise 
generation. The noise may be generated by the 
primary and secondary electrical circuits of the 
car, or it may be generated by static electricity 
caused by the movement of the car through 
the atmosphere. 

Complete elimination of radio noise cannot 
be expected as the very nature of the ignition 
system is such that high frequencies must be 
produced or else no ignition will result. The 
high frequency components cannot be elim- 
inated without eliminating or deteriorating the 
ignition spark itself. Noise reduction, therefore, 
is noise suppression, rather than noise elimina- 
tion. It is usually simple enough to suppress 
noise to a tolerable level, without the rigors of 
complete electrical shielding, such as used in 
certain military installations. 

The problem of noise can be attacked two 
ways: The discovery and suppression of the 
noise at the source, or the addition of a noise 
limiter to the receiver in the car. The noise 
limiter is especially valuable in eliminating noise 
generated by other cars in the immediate 
vicinity, as well as reducing noise generated by 
your own car. Both methods of attack must be 
used for a successful mobile installation. 

From the noise generating point of view the 
automotive electrical system may be divided 
into two parts. First, the generator/regulator 
system (primary) and second, the ignition 
(secondary system). Radio noise may emanate 
- from either or both of these systems. A quick 
test will indicate the guilty system: Run the 
car at a medium speed with your receiver 
tuned to the frequency most affected by the 
noise. Close the throttle and turn off the ignition 
key allowing the car to coast in gear with the 
alutch engaged. If the noise stops the trouble 
is in the generator/regulator system. If the 
noise continues but with diminished volume, 
both the ignition and generator/regulator sys- 
tems are creating noise. 


Generator/Regulator System Noise 


Generator hash is heard in the form of a low 
or high pitched whine that varies in tone with 
the speed of the motor. In order to prevent the 
power leads from the generator from radiating 
this hash a 0.1 pfd. coaxial type condenser 
(Sprague 80P3) may be mounted on _ the 
dynamotor frame and connected directly in 
series with the armature lead (A lead). Most 
cars equipped with broadcast receivers have a 
large paper condenser bypassing the A lead. 
This condenser has too much internal induc- 
tance to be effective as a r.f. filter above 2 Mc., 
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Fig. 1. A decided improvement in mobile noise 
reduction will result from the use of coaxial 
capacitors in the leads to the voltage regulator. 


so it should be removed and the coaxial con- 
denser substituted for it. In addition, residual 
noise may be caused by dirty or rough com- 
mutator segments or poorly fitting brushes. 
These should be checked and serviced by a 
competent generator mechanic. 

In certain systems where it is impossible to 
eliminate the noise with these precautions a 
trap consisting of a 50 ppfd. condenser in 
parallel with a coil wound of No. 10 wire and 
tuned to the operating frequency may be placed 
in series with the A lead at the generator. The 
trap should be tuned for maximum reduction 
of noise in the receiver as shown in Figure 4. 

A smooth sounding noise from the generator 
is caused by shaft hash. This noise is caused 
by static electricity building up on the rotating 
shaft of the generator. This shaft is partially 
insulated to ground by a thin oil film. When 
the static electricity builds up to a sufficiently 
high potential to flash through the oil film, it. 
creates radio noise. The shaft may be grounded 
by mounting a grounding brush to ride on the 
pulley of the generator. This brush will drain 
off the accumulating charge on the shaft. 

Regulator hash can be identified as a regular 
crackling noise of even loudness. This type of 
radio noise shows up generally in the 10, 11 
and 15 meter bands. It is caused by sparking 
at the points of the regulator contacts. It is an 
intermittent noise as it appears only when the 
regulator is working. To eliminate this noise, a 
0.1 wfd. coaxial condenser should be placed in 
the battery lead (B lead) directly at the regu- 
lator, with the case of the condenser grounded 
to the frame of the regulator. A second 0.1 pfd. 
coaxial condenser should be put in the armature 
lead (A lead) directly at the regulator. Its case, 
also, should be well grounded. The remaining 
lead is the field lead (F). This cannot be 
bypassed as the other leads without damage to 
the regulator. However, a 0.002 ufd. mica con- 
denser in series with a 4-ohm 1-watt carbon 
resistor from F lead’ to ground will suppress 
the noise in this lead. Figure 1 shows a com- 
plete regulator installation. The various filters 
are mounted to an “L” shaped metal plate 
bolted to the base of the regulator. 


For stubborn cases, the regulator may be 
disconnected from the circuits by a switch in 
the F lead, and-a 30-ohm 25-watt potentiometer 
sonnected from the generator field to ground to 
manually control the charging rate of the 
dattery. However, such a drastic step as this is 
seldom required. 


Ignition Noise 


Having disposed of the noise from the 
yenerator/regulator system, we will now ex- 
imine the secondary electrical system of the 
var: the ignition system. Figure 3 shows a 

ypical ignition system complete with suppres- 
‘ion devices. 

Viring: The high voltage ignition wiring is 
»ften a source of noise radiation in itself. The 
netal connecting caps on the ends of the igni- 
ion leads are usually crimped onto the wire 
nds. This results in a poor electrical connec- 
ion at these points with the possibility of noise 
yeneration. These caps should be removed, 
‘leaned and soldered to the wire conductor. 
(he cables should be wiped clean of grease 
ind dust and inspected for break downs or 
‘racks in the insulating material. Fibre spacers 
nay be made to hold the cables away from 
vach other and from the motor itself. 

gnition Coil: -The coil, even though in a 
netal can, frequently radiates considerable 
noise. A piece of strip brass soldered to the can 
ind securely grounded to the car frame at the 
»pposite end will help. A 0.1 yufd. coaxial con- 
lenser should be mounted on the car frame and 
he primary lead from the coil run through this 
‘ondenser to the primary ignition circuit. 
Distributor; The distributor, as the name 
mplies, correctly distributes the firing spark to 
he proper plug at the proper time. It is a high 
voltage rotary switch, cam driven by the auto- 
nobile engine. When the rotor electrode is 
Batioed near a stator terminal in the dis- 
ributor, the air gap breaks down and a con- 
lucting arc is established. The establishment 
of this arc, combined with the abrupt drop in 
econdary voltage, generates considerable radio 
r0isSe. 

_A 10,000 ohm suppressor (Erie L7VR- 
'OME) in the center distributor arm lead and 
}000 ohm suppressors (Erie L7VR-5ME) in 
tach spark plug lead at the distributor will 


jig. 2. Generator hash in the Ham 
sands may be reduced by replacing 
he paper capacitor across the gen- 
wator with a type. This 
‘mounting shows a Sprague 48P9. 


coaxial 


effectively suppress the noise from this source. 
Be sure these suppressors make good electrical 
connections to the lead wires. 

Spark Plugs: The spark plug potential varies 
rapidly between some 8000 volts unfired and 
1500 volts when fired. These rapid changes 
generate a tremendous amount of radio noise, 
heard as a popping sound running in step with 
the speed of the car motor. A 10,000 ohm 
suppressor located at each plug is necessary to 
reduce this source of noise. In general, three 
methods may be used to introduce this suppres- 
sion into the circuit: 1) The use of suppres- 
sors, aS mentioned above. 2) The use of 
suppressor- or resistor-type spark plugs. 3) 
The use of resistive ignition cables. Satisfactory 
results may be obtained by using one or more 
of these methods. The motor timing should be 
readjusted after the insertion of the suppressors. 


Other Noise Sources 


Instruments: The gas gauge, heat gauge, oil 
gauge and certain other instruments can pro- 
duce a considerable radio noise level in the 
car. The most practical way to determine this 
after the primary and secondary electrical cir- 
cuit noise has been reduced is to disconnect all 
the “hot” leads to the gauges. With the receiver 
gain turned up, the leads are replaced one by 
one while listening for a change in the noise 
level. The gauge noise usually takes the form 
of a periodical, rasping sound. Most of this can 
be eliminated by installing a coaxial 0.1 pfd. 
condenser at the position where the gauge is 
mounted, and grounding the condenser case to 
the frame of the car. It may also be necessary 
to provide another condenser at the proper in- 
strument terminals on the dashboard of the car. 
Wheel Static: This noise shows up as a steady 
popping sound at medium or high speeds on 
dry roads. It is more noticeable on some sur- 
faces than others. As in the case of the gen- 
erator, it is caused by static electricity building 
up on the wheels, which are insulated from the 
car by a thin film of grease in the axles. When 
this film of grease breaks down and allows the 
electrical charge to flow to ground, the popping 
noise is produced. Static collectors may be 
bought from a car dealer and placed inside the 
front wheel hub caps. These effectively ground 
the wheel to the axle and prevent the accu- 
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Fig. 3. This is a typical ignition system with 
suppression devices at every trouble spot. 


-mulation of wheel static. Rear wheel static col- 
_ lectors may also be purchased on special order 
’ through your local automobile dealer. 

Tire Static: Some tires create a radio noise 
that is generated between the inner tube and 
the inside casing of the tire. This may be 
eliminated by injecting a special anti-static 
powder into the tire through the air valve. The 
powder and injector may be obtained through 
some dealers, although it does not seem to be 
a universally stocked item. 

Imperfect Bonding: Certain parts of the auto- 
mobile are either ungrounded, or have an 
imperfect ground path to the chassis of the car. 
The exhaust pipe and muffler should be bonded 
to the frame of the car at several points by a 
short, flexible braid. The engine block and fire- 
wall should both be bonded to the car frame. 
The steering column, control leads, choke, and 
temperature indicator leads should be bonded 
‘(or bypassed with coaxial condensers) where 
‘they pass through the firewall. This will prevent 
these leads from conducting radio noise into 
the interior of the car. Attention should be 
given to any lead that passes through an in- 
sulated opening in the firewall into the interior 
of the car. 

Antenna Installation Precautions: The trans- 
mission line from the receiver to the antenna 
must be bonded to the frame of the car at the 
antenna end, and bonded to the receiver chassis 
at the receiver end. The receiver chassis should 
be grounded to the car frame with as low 
resistance a ground connection as can be made. 
This should, if possible, be a separate ground 
from the one that supplies power to the re- 


GENERATOR. 


10 TURNS #10E, 
1"DIA., 1 1/4'LONG. 


ARMATURE (A) 
ra LEAD 


PRAGUE 28P-9 7 
pass “AT 


GENERATOR 
(FIG. 2) 


Fig. 4. Tuned trap to reduce generator noise on 
the 10 meter band. 
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ceiver. If the antenna is of the usual whir 
design, it may be noticed that at high speeds 
on dry pavements a high pitched whine may be 
heard in the receiver. This is known as velocity 
static created by the metal area of the cai 
picking up static charges. Since the antenna is 
the highest point on the car, it’ will discharge 
this static and create the high pitched noise 
Some antennas have a plastic ball on the tir 
to stop this effect. If this is missing, a short 
length of cambric tubing slipped over the tir 
of the antenna will do the job. Seal the top enc 
of the tubing with Duco cement or nail polisk 
and wrap it with friction tape to hold it ir 
place. The cambric tubing will slowly discharge 
the velocity static at a rate that cannot be hearc 
in the receiver. 


Ignition Noise in 12-volt Systems 


Suppression of noise in 12-volt automotive 
ignition systems is, in general, similar to the 
procedure outlined for the more common 6-vol 
systems. It must be remembered. however, tha 
the noise generated by the ignition system i: 
proportional to the square of the system volt 
age. Doubling the voltage from 6- to 12-volt: 
produces a noise increase of four times. Modi 
fications that would reduce the noise to <¢ 
nominal level in a 6-volt system may therefore« 
be marginal when applied to the same degree 
to a 12-volt installation. Additional suppression 
shielding and bonding are therefore needed tc 
reduce the noise level to that experienced witl 
a 6-volt system. Some noise suppression idea: 
that have helped materially with 12-volt ignitior 
noise are: 


1—Connect the auto receiver aia converte! 
directly to the “hot” battery terminal 
bypassing the electrical system of the car 
This will eliminate most noises intro 
duced to the receiver through commor 
coupling in the A-lead. The worst place 
to obtain primary power for the car radic 
and converter is from the ignition switch 
as this is a prolific source of noise. Ir 
some instances, shielding the A-lead t« 
the converter and radio) helps greatly ir 
reducing primary pick-up noise. : 

2—Test your battery. A good, well-chargec 
heavy-duty battery provides a low im 
pedance short across the noise system o: 
the car, acting as sort of a noise filter. Ar 
old battery, having high internal resist: 
ance contributes very little towards noise 
suppression. 

3—On ten and fifteen meters, a tuned wave 
trap placed in the generator lead (at the 
generator) usually helps. (Figure 4) 
Mount the trap to a piece of insulatins 
material and fasten it to the generator 
Start the motor; and tune the trap fo) 
minimum generator whine heard in the 
receiver. | 

4—-Shield the lead from the generator to the | 
voltage regulator, securely groundins 
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Fig. 5. A -duration/amplitude comparison of 
noise pulses vs. desired signal modulation. 


both ends of the braid. RG-59/U coaxial 
line may be used for this lead. Shield the 
lead from the ignition switch to the fire- 
wall, grounding both ends of the shield 
braid. 
5—If excessive noise persists, make up a 
coaxial lead to fit the antenna connection 
of the converter. Place a two inch probe 
on the free end of the inner conductor. 
' By moving the probe about over the 
ignition system and listening to the noise 
-Jevel in the receiver, the “hot spots” 
generating the noise may be located. 
6—If excessive noise occurs at night, check 
all headlamp connections. 
7—Be sure the exhause pipe is firmly bonded 
to the frame of the car at both ends. The 
exhaust pipe can act as a “waveguide”, 
conduction ignition noise from the motor 
- back to a whip antenna mounted on the 
rear of the car. 
8—Check the generator brushes. If excessive 
sparking is noticed, sand the armature 
with 00 sandpaper, as the mica separator 
strips may be too high for the brushes 
to seat properly. 
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Noise Limiters 


The job of noise suppression described in 
the first part of this chapter can be completed 
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Fig. 6. To recover the intelligence in the signal 
the most common types of noise limiters restrict 


the pulse amplitude. The relative efficiency of 
the three basic types is shown above. 
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through the addition of a noise limiter to the 
automobile receiver. This is the only way to 
suppress noise generated by cars other than 
your own! 

Noise reduction circuits have been developed 
for application at any one of several places in 
a receiver. Of all these circuits, one of the most 
efficient and simple is the type employing one 
or two diodes (half wave or full wave) con- 
nected in series or shunt with the audio con- 
nection between the second detector and the 


-first audio stage of the receiver. 


The Nature of Noise Interference 


The most common types of noise plaguing 
the mobile operator are the pulse noises such 
as car ignition, atmospheric noises and spark 
discharges. Compared to the length of a cycle 
at usual speech frequencies the noise pulses are 
usually of short duration and spaced widely 
apart (Figure 5). The reason that these pulses 
blank out so much of the wanted signal in spite 
of the fact that sometimes several cycles of the — 
signal may appear between noise pulses, is that 
the pulse amplitude of the noise is usually so 
much greater than the desired signal level that 
when the pulse hits the receiver the speaker 
vibrates much longer than the duration of the 
noise pulse. While the human ear can easily 
separate a coherent signal from noise, it seems 
to have a “built-in” a-v-c system which auto- 
matically desensitizes the ear from the noise. 
This action of the ear, combined with the 
acoustical characteristics of present day repro- 
ducers tends to fill in the gaps between noise 
pulses to such a degree that most, if not all, of 
the desired intelligence may be lost. 

The receiver i-f amplifier will also lengthen 
the duration of the noise pulse; the exact 
amount of lengthening depending upon the i-f 
bandwidth. High OQ circuits will “ring” or con- 
tinue to oscillate beyond the actual duration of 
the pulse, a narrow bandwidth causing greater 
ringing action than a broad bandwidth. This 
action of the i-f amplifier would indicate the 
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Fig. 7. The simplest type of noise limiter places 
a diode in shunt across the audio output of the 
second detector. 
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Fig. 8. A common practice when using diodes 

in the shunt limiters is to insert a resistance be- 

tween the detector and the limiter. This reduces 

the effect of the internal resistance of the 
diode upon the limiting action. 


desirability of applying noise limiting principles 
to the i-f section of the receiver before the 
pulses can be lengthened. Some circuits have 
been devised for this purpose. Fortunately most 
noise trains have sufficient space between in- 
dividual pulses that by the time they reach the 
second detector the simple limiter circuits can 
do a good job. All that needs to be done is 
to limit the noise pulses in amplitude to a level 
near that of the desired signal so that most of 
the intelligence between the noise pulses can 
be recovered (Figure 6). The three types of 
circuits illustrated herein offer the most effective 
action for the least complicated circuitry. 


The Simple Shunt Limiter 


The short circuit type of noise limiter known 
as a Shunt limiter is a diode in series with d-c 
bias connected in shunt across the audio output 
of the second detector of the receiver (Figure 
7). The polarity of the diode and bias is so 
arranged that the diode will not conduct until 
signal or noise voltages exceed the bias level. 
When the bias level is exceeded, the diode 
conducts and acts as a low resistance path to 
ground for the excessive voltage. Since the 
usual diode is not a “perfect” diode, but con- 
tains internal resistance, a resistor is connected 
in series between the detector output and the 
limiter so that the combination of the two 
resistances will not act as a voltage divider. This 
is necessary to step down the amount of noise 
voltage passed on to the audio circuit when the 
imperfect diode conducts. While it reduces the 
audio voltage, its effect on reducing the noise 
pulses exceeding the bias level is proportion- 
ately much greater (Figure 8). 

This circuit is capable of doing the job on 
a steady signal where the bias can be set to 
barely let the audio peaks go by untouched but 
clips all the noise pulses down to about the 
same value. However, most signals fade up. and 
down so rapidly that it would be impossible to 
follow the signal level with a manual bias con- 
trol. Thus a bias setting for a weak signal 
would severely clip the audio of a strong signal; 
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however, the bias setting could be taken care 
of automatically by the same source from 
which the receiver a-v-c bias is obtained. This 
provides a d-c bias which is determined by the 
carrier level, and by adjusting the proportion of 
audio voltage and automatic bias applied to 
the limiter from the second detector, the limiter 
can be designed to clip ‘all voltages above a 
predetermined percentage of modulation. By 
making one of the resistors of the circuit a 
potentiometer instead of a fixed resistor, a cer- 
tain percentage of modulation may be chosen 
at which limiting will begin, and the limiter will 
automatically clip at this level no matter how 
much the signal is fading. 

For those who prefer extreme simplicity, a 
fixed percentage of clipping can be quite satis- 
factory. The clipping level may be set as low 
as 30%-40% modulation before audio distor- 
tion becomes objectionable. If the average 
modulation level is much higher than this, the 
noise limiter must be set at a correspondingly 
higher clipping level to prevent severe audio 
distortion. The reason for setting the limiter 
to the lower average percentage of modu- 
lation rather than at the 100% value is so 
that it can bring all the noise peaks down 
close to the average audio signal level. 

Figure 9 shows a shunt limiter suitable for 
connection between a diode second detector 
and the first audio amplifier grid. RJ and R2 
make up the detector load resistor and should 
total about the same as the value presently in 
the receiver to be modified. The usual value is: 
about 500,000 ohms. R4 and CI provide the 
automatic bias for the diode. R3 is the series 
dropping resistor which provides the voltage 
divider action previously mentioned. The value 


Ao 


R4 i 


ral 
(b) ADJUSTABLESLIMITING LEVEL 


POINT "A" 1S OUTPUT TERMINAL OF RCVR. 2ND DETECTOR. 
POINT "0" 1S NOISE-LIMITED AUDIO OUTPUT TERMINAL. 
POINT °G"/S GROUND. 


Fig. 9. These are two of the most commonly 
employed shunt type noise limiters. 


Rg = 500k Cy = 0. 05 uf Rg? 1.0 Meg 


SI 


Table 10. 


of R3 should be about equal to the value of 
the grid resistor of the audio amplifier to which 
the noise limiter output is connected. This is 
usually 500,000 ohms. An audio coupling con- 
denser should be used between the limiter and 
the volume control or audio grid lead to prevent 
d-c voltage from reaching the audio grid. 

The ratio of R2/R/ determines the percent- 
age of modulation at which the clipping action 
takes place. A ratio of 1:1 will cause the diode 
to clip at approximately 100% modulation. 
Where a variable modulation clipping control 
is not used, a clipping level of 40% is recom- 
mended. Table 10 shows typical values for R/ 
and R2 for various levels of clipping. 


A Simple Series Limiter 


The series or open circuit limiter depends 
on the limiter diode conducting at normal 
signal levels and opening on high modulation 
amplitudes or noise peaks. Since the diode is 
in series with the audio path, this action will 
effectively clip the noise peaks. Figure J/ is a 
representative half-wave series limiter circuit. A 
germanium crystal diode is not suited as a 
series limiter since the back resistance of the 
diode is too low, whereas a vacuum tube diode 
will cut off all voltages above the clipping level. 


Cc 
(b) ADJUSTABLE LIMITING LEVEL 


Fig. 11. These are representative half-wave 
series type noise limiters. 


Table 12 contains typical circuit values for a 
series circuit. 

In the series limiter the values of all resistors 
RI, R2, R3 and R4 have an effect on the 
threshold level. Where R3 equals R4, R3 plus 
R4 in parallel with R2 should equal RJ for 
50% limiting, and should equal twice R/ for 
a limiting level of 100%. If a limiter is to be 
connected to a detector having a 500,000 ohm 
load, the sum of all the conducting branches 
of the limiter and the new load resistor should 
equal 500,000 ohms. If it is desired to make 
the clipping level adjustable, R2 can be made 
a potentiometer. Zero to 100% modulation 
level of positive peak clipping can be selected 
as the arm of R2 is moved from point A to 
point B. As in the shunt limiter, if two diodes 
are available for use in the half-wave series 
limiter they should be connected in parallel. 
This will lower the effective internal resistance 


Rg = 500k Rg = 1.0 Meg 


% limiting (R3+R4!lRo)/R} Ro Ry 


% limiting 


(Rg+ Rall Ro) /R, 


285k 
250k 
220k 
400k pot. 


Table 12. 


and permit higher audio output as well as a 
more nearly constant clipping level. 

The half wave clipper clips at not less than 
100% on negative peaks, regardless of the 
clipping level on positive peaks. A full wave 
clipper will provide equal clipping of both 
positive and negative peaks. 


The Full Wave Noise Limiter 


The full wave noise limiter circuit that affords 


- the best limiting action with the fewest parts 


are the series diodes (Figure 13). The diodes 
are arranged so that with any d-c output voltage 
from the detector both sections will be con- 
ducting. The audio voltage will then be coupled 
to the audio amplifier through C2 and the two 
diodes. On peaks causing large negative voltages 
at point B, diode E-F will cut off, and on peaks 
tending to reduce the carrier to zero, diode D-E 
will cut off. To obtain symmetrical clipping R5 
and R6 should be twice the value of R3. See 
Table 14 for full wave series circuit values. if 
R2 is a potentiometer with C2 connected to the 
arm, a clipping level between 100% and 30% 
can be selected, maximum audio output being 
secured at the most useful clipping levels in 
the region of 30-50%. 
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(a) FIXED LIMITING LEVEL 


Connecting the Noise Limiter 
to the Receiver 


Incorporating any of the limiter circuits de- 
scribed into a conventional automobile receiver 
is relatively easy. The circuits of Figure 15 are 
representative of the more common second de- 
tector circuits. Dotted lines are shown for the 
connections to be removed before insertion of 
the limiter. The existing detector load resistor 
should be removed. Insert the limiter circuit 
chosen with points A, G and D of the limiter 
circuit connected to the corresponding lettered 
points. Long leads in the audio path should be 
avoided if possible, otherwise shielded wire 
should be used. For the series limiter circuits 
care should be taken to keep down any possible 
capacity coupling between the input and output 
circuits of the limiter. The leads to the on-off 
switch should be as short as possible and should 
be kept apart. The a-v-c circuit for the receiver 
should be left undisturbed if at all possible. The 
connection of the limiter at point G into the 
detector circuit should be to the same point as 
that of the detector load resistance before mod- 
ification, even though it may not be at the 
ground potential. (For example, certain delayed 
a-v-c circuits. ) 


Additional Notes 


1. The values of the resistors and conden- 
sers in Tables 10, 12 and 14 are for 
second detectors having a 500,000 ohm 
load resistor before modification. For 
detector circuits having a_ substantially 
different load resistance, the resistor 
values must be changed by the ratio of 
the load resistance to 500,000 ohms. 
Thus, if the detector has a load resistance 
of 200,000 ohms, each resistance value 
in the above figures should be multiplied 
by 2/5. Cl should be then increased by 
a ratio of 5/2. C2 may remain the value 
given in the table as it is not critical as 
to capacity. 

2. For proper operation of a limiter of any 
type, the i-f signal level should be high 
enough to overcome the emission poten- 
tial of the-diode tube. Many times better 
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(b) ADJUSTABLE LIMITING LEVEL 
LIMITED MINIMUM RANGE 


Fig. 13. These circuits are variations of the full-wave series type noise limiter. 


ue Re” SeRarERT 


(c) ADJUSTABLE LIMITING LEVEL 
RANGE 0 TO SELECTED MAXIMUM. 


limiting action can be obtained by re- 
ducing the filament voltage of the diode 
tube. 


3. It has been the experience of most hams 
that a 6ALS makes a better limiting tube 
than a 6H6 and that either one of them 
is better than a crystal. 


A Simple Series Limiter 


Five resistors, two condensers, a switch and 
a 6AL5 tube make up a simple but very effec- 
tive noise limiter. This unit may be built in a 
small aluminium box measuring 2 3/4” deep, 
2 1/8” wide and 1 5/8” high (Bud CU-3000). 
The 6AL5 is mounted on the rear of the box, 
and the “on-off” switch on the front. A tube 
hield should be placed over the 6ALS tube. 
he complete circuit of the limiter is shown 
in Figure 16. Connections to the limiter are 
made through four shielded leads. Lead A is 
the input to the limiter, and connects to the 
second detector circuit of the automobile re- 
ceiver as shown in Figure 15. If a decoupling 
circuit (R-C) is found in the auto receiver, the 
decoupling resistor should be shunted with a 
22,000 ohm, 12 watt resistor, and the conden- 


ser, C, should be removed. In some radios, 


Cy = 0.02 uf 
Rs, Rg = 1.0 Meg 


R3,Ry = 500k 


500k 
250k 
125k 


0 
500k pot. 


C, = 0.05 uf Co = 0.02 uf Rg = 500k 


R4, Rs, Rg = 1.0 Meg 


500k 
333k 
250k 

0 
500k pot. 


Table 14. 


AVC 


these components are located inside the last 


iq 
i 


vf transformer can. 

| The diode load resistor is next removed, as 
hown in Figure 15 and lead G from the noise 
imiter connects to point G in the auto receiver. 
[In some sets point G may be ground, and in 
thers it may be a cathode resistor network. In 
ny event, point G is at the “bottom end” of 
he diode load resistor. 

_ Lead D of the noise limiter goes to the “hot” 
ond of the volume control. Since an audio 
coupling condenser is incorporated in the noise 
limiter, the one that is in the set may be re- 
moved, or the two may be connected in series. 
The filament lead of the noise limiter should 
Lonnect to a 6-volt filament lead in the auto 
receiver. It will be noted that the filament 
voltage to the 6AL5 is dropped in value by a 
5-ohm resistor in the noise limiter. This resistor 
ecouples the 6AL5 from noise that may be 
introduced into the limiter circuit via heater- 
cathode leakage. If the limiter is to be used in 
a car having a 12-volt ignition system, the 
filament resistor of the 6AL5 should be in- 
creased to 10-ohms, 1-watt. 

_ The leads from the clipper to the receiver 
are made of short lengths of shielded wire. 
Care must be taken to ground the loom of the 
shield at each end of the wire. Keep these leads 
away from the receiver vibrator to prevent any 
hash pickup from this component. To prevent 
the shields from shorting to receiver com- 
ponents inside of the receiver chassis, the leads 
should be wrapped with tape. 


the 
TNS Limiter 


Until the development of the TNS Limiter 
(Twin Noise Squelch) the full wave series 
limiter was found to be superior to other types 
of limiters. Results in limiting noise pulses when 
receiving a signal were quite satisfactory, but 
during standby receiving periods, or while tun- 
ing around the band for signals, the residual 


| 
| 
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Fig 15. Shown above are three of the most common types of second detector circuits. Points A, 
D and G correspond to similar junctions in Figs. 8, 9, 11, and 13. Any one of those circuits may 
be inserted in the second detector by removing the load resistor shown in the dashed lines. 


background noise produced by the clipped noise 
pulses of the series limiter is very high. 

The TNS (Figure 17) is a very effective 
noise limiter. Under severe highway noise con- 
ditions, the TNS performs better than the 
full-wave series limiter in regards to audio-to- 
background noise ratio, and intelligibility. Un- 
der bad noise conditions the squelching action 
of the TNS not only eliminates the tiring back- 
ground grind, but it also enables the operator 
to easily find a weak signal. With the usual type 
of noise limiter even a moderately strong car- 
rier is sometimes hard to find in the back- 
ground noise, unless the carrier has modulation 
on it. With proper setting of the TNS extremely 
high level ignition pulses from busses and 


TYPICAL CAR RECEIVER 
SECOND DETECTOR 


SHUNT WITH 
22K 


EVC 


A \ peat 


REMOVE 


250K .SW 


=~ 


6.5V FIL 


Fig. 16. Simple mobile noise limiter. 
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17. Construction of the TNS is 
itself. This unit . pro- 
vides squelch action as well as noise 
silencing properties to improve mobile 
reception. 


4 


Fig. 
simplicity in 


trucks are eliminated, something that is almost 
impossible to do with the usual noise limiter. 


Operation of the TNS 


In operation, both grids of the dual triode 
tube (V1) receive bias variations at the rate 
of the audio frequency (Figure 18). The plate 
current of section B of V/ varies at the audio 
rate and is coupled to the cathode of section B 
of the limiter tube V2. The plate current of 
section A of VJ varies at an average rate due 
to filter components C7, C2 and R2-R3. The 
plate loading resistors R6 and R7 are chosen 
so that with no audio excitation from the de- 
tector, the positive voltage on the plate of 
section A of V2 is slightly higher than the 
positive voltage on the cathode of section B of 
V2 resulting in a current flow through the 
limiter tube. Since the plate of section B of V/ 
is coupled to the cathode section of B of V2 
an audio signal is obtained from the output of 
the limiter tube, V2. If a noise impulse with a 
steep wave front is received, the grid of section 
B of VJ will be driven more negative which 
will cause a rise in plate voltage in section B 
of V1. The cathode of section B of VJ is driven 
more positive than the plate of section A of V2 
and the current flow through the limiter tube 
is interrupted, causing a hole to be punched in 
the signal. While the grid of section A of V/ 
receives the same impulse as the grid of section 
B, the plate of section A does not follow the 
noise impulse due to the time constant of the 
filter components CJ, C2 and R2-R3. There- 
fore the plate of section A of limiter tube V2 
does not receive the noise impulse in phase 
with the cathode of section B of V2. However, 
the noise impulse is coupled to the plate of 
section A through resistor R2 and capacitor C/ 
and arrives out of phase, which tends to lower 
the positive plate potential, thus aiding in re- 
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versing the polarity between the plate of section 
A and the cathode of section B of limiter 
tube V2. 

Since the plate potential of section A of VJ 
varies at an average rate directly proportional 
to the strength of the incoming signal, the noise 


limiter threshold is automatically set, and the 


limiter is effective on all values of modulation. 

Adjustment of the variable resistor R7 will 
provide a squelch action which is very effective 
in the suppression of the background noise. 

Audio output is taken from the plate of sec- 
tion B and the cathode of section A of V2. 
Automatic volume control is obtained from the 
second diode of the detector tube. 


Construction of the TNS 


The TNS may be built directly into the new 
equipment. However, the greatest interest will 
be in an auxiliary unit that may be connected 
to an existing receiver. . 

The TNS unit consists of two tubes, a 6ALS5 
diode (V2) and a 12 AX7 double triode (V/). 
Since these tubes are operating in a high im- 


pedence circuit, the input and output leads (A_ 


and D) between the TNS and the receiver 


must be made of shielded cable, such as Belden 


8885. A filament, ground, cathode return (G) 


and B plus lead must also be run to the TNS, 


making a total of six leads, two of them 


shielded. The shields may be used as the ground | 


return of the unit. 


The TNS may easily be built in a small 
metal box measuring 2144” x 24%4” x 4”. (Bud — 


CU-3003) A Vector 8-N-9T turret socket 


should be used for the 12AX7 as most of the 
resistors and condensers may be mounted di- | 
rectly on the terminal lugs (Figure 20). Since 


Fig. 18. Basic TNS circuit. 
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afe HeO 
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Terminal connections 


Note: 
| correspond with Figure 15. 


C 
| eOlpfd 
600V 


RI, R4—47,000 ohms, R8, RI—4700 ohms, 
| Vow. Vow. 


R2—220, 000 ohms, '/2w. Cli, C4—0.0! yfd., 


R3—1.5 megohm, !/aw. 600v. 

R5—10,000 ohms, '/ow. C2—0.| ufd., 400v. 
R6—470,000 ohms, ow. C3—470 upfd. 
R7—500,000-ohm C5—0.00! ufd. 


potentiometer 


| Fig. 19. This is the TNS adapter unit which is 
_ designed to work with any automobile radio. 
The points A, D and G correspond to those 
| shown in Fig. 15. 


i 
| 


the TNS is left in the circuit continually, the 
only control on the box is R7, the squelch level 
ce! This is mounted on the small end 
f the box, and the two tube sockets are 
mounted on the 244” x 4” side. A Cinch-Jones 
socket (P306-FP) is mounted on the opposite 
ind of the box from the squelch control and 
the six connecting leads are run through this 
lug and socket. The cable leads A and D 
Which run from this plug must be made of 
rides wire. 


Installation of the TNS 


The TNS may be adapted to any conven- 
‘ional receiver by referring to Figure 15. This 
llustrates the more common detector circuits 
encountered in auto radios. Dotted lines are 
shown for the connections to be removed be- 
fore insertion of the TNS. The existing load 
resistor should be removed, as shown. Insert 
the TNS, connecting the corresponding points 
f Figure 19 and Figure 15 together. Point G 
f Figure 19 should be connected at the cath- 
ode terminal of the diode socket (the connec- 
tion point of the old load resistor) even though 
this point may not be at ground potential, as 
in the case of certain delayed a-v-c circuits. 
_ Leads A and D should be each individually 
shielded throughout the cable run from the 
TNS to the receiver, as well as inside the re- 
ceiver. 
_ Best operation of the TNS is obtained when 
separate detector and audio tubes are used in 


the auto radio. When a diode-triode tube is 
used for both functions (such as a 6SQ7 or a 
6AV6) there may be signal leakage through 
the common cathode of the tube, resulting in 
strong ignition pulses leaking through the lim- 
iter. The best detector-audio circuit tried with 
the TNS used a dual diode as detector and 
a.v.c., and a separate triode tube as the first 
audio stage (Figure 21). A 6ALS5 is used as 
the diode tube, and a 6AV6 or 6AT® is used 
for the audio stage. 


Notes on the TNS 


The TNS should be connected to the auto 
radio, and the squelch action applied by ad- 
vancing the squelch control until all normal 
background noise just disappears, leaving no 
sound in the loudspeaker. Tune around the 
band until a carrier is found, upon which the 
squelch will automatically trigger, and the 
audio component of the signal will be heard 
in the speaker. Cessation of the carrier will 
immediately put the squelch in operation and 
silence the speaker. By backing off on the 
squelch control to where it rests at a critical 
level where only light background noise is 
barely heard, a weak carrier will trigger the 


Fig. 20. In this adapter the major portion of. 
components were mounted on a Vector socket 
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Fig. 21. This is the recom- 

mended second _ detector 

and first audio modifica- 

tion in the car receiver to 

obtain optimum results with 
the TNS. 


Figure 21. 


squelch permitting the audio to be heard. 

Under severe noise conditions the TNS not 
only eliminates the background grind, but it 
also enables one to easily find even a weak 
carrier—it just pops up out of the background! 

As with other noisé limiters, the TNS re- 
quires a fairly high i-f signal level at the detec- 
tor, and the performance of the noise limiter 
system will be impaired if the receiver has 
low gain in the r-f. and i-f circuits. 

On the other hand, too high a level from 
the r-f converter will cause overloading on 
heavy ignition impulses, and the ratio of igni- 


tion to r-f signal level will not be handled’ 


properly by the a-v-c system. 
How to Adapt Your Receiver for the TNS 


The first stumbling block that many poten- 
tial users of the TNS encounter is the problem 
of how to adapt the TNS to an existing re- 
ceiver. A number of auto radio detector cir- 
cuits are shown in Figures 22, 23, 24 and 25. 
The input to the audio section of the receiver 
is marked to a-f grid. Resistor Ra is the usual 
a-v-c filtering resistor. 

Before the TNS can be used with any of 
these circuits, the wiring shown as dashed lines 
must be disconnected. . Points labelled A, D 
and G are then connected to the correspond- 
ing points on the TNS (see schematic, Figure 
19). The connecting: leads for points A (in- 
put) and D (output) must be individually 
shielded. 

The load resistor, RL; in Figs. 22, 23 and 
24, is replaced by the network consisting of 
R5, R6 and R7. The point to keep in mind 
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when installing the TNS is that these resistors 


must always take the place of the fixed value 
The 
output point, D, of the TNS must be connected © 


| 


Do not connect the heater grounds © 


load resistor in the unmodified receiver. 


to the input side of the volume control feeding 
the first audio stage. This is labelled point D, 
in all diagrams. 

There is a “hot” ground lead, G, from the 
TNS unit. 


through this lead. It must be connected direct- 


ly to the diode cathode terminal to minimize 


possible ignition noise pickup from your own | 
car. This would be due to the varying ground 


potential which might result if the ground were | 


4 


carried through the metallic chassis, or other | 


ground leads. 

Figure 22 is a fairly common example of the 
a.v.c. and second detector circuit. Figure 23 
differs from Fig. 22 through the addition of an 
r-f filter composed of Rf and Cf. The conden- 
ser, Cf, will usually run to a value of 100 yyfd. 
and may be in the i-f transformer can. Resistor, 
Rf, will be between 10,000 and 50,000 ohms. 
If a value higher than this is encountered, it 


should be shunted by another resistor to bring — 
it within the above range. If the value is too 


high there will be a loss of audio. 
In Fig. 25 the load resistor of the circuit 
originally consisted of the volume control, RL. 


When the TNS is installed it will continue to | 


perform as the volume control. In the case of 
delayed a.v.c., 


shown in Fig. 16, the “hot” | 


ground, G, of the TNS is connected at point G > 


(Fig. 26) where the load resistor (volume con- | 
trol) is connected, even though this point is — 


above ground by an amount equal to the delay | 


bias resistor, Rb. 


Checking Through Your Receiver Circuit 


Probably the easiest way to check the auto | 
radio schematic is to start with the lead con- | 
nected to the input of the volume control. Fol- | 
low this lead back toward the detector. If it | 


goes directly to the bottom of the diode i-f 


winding, or to an r-f filter at the bottom of the — 
winding, break the connection and make the 


bottom of the i-f winding (or r-f filter) your 
point A. 


AVC 


Figure 22. 


j 
- 


_ Next check the other end of the volume con- 
Pl. If it is connected directly to ground this 
hen becomes your point G. If this side of the 
volume control is connected to the diode cath- 
»de, it will probably be above ground through 
. self-bias resistor. The “hot” ground point, 
5, of the TNS is then connected directly to 
he diode cathode terminal—not to chassis 
pune: 

_ Sometimes there will be two resistors in the 
liode cathode leg to ground. One end of the 
volume control will be connected to their junc- 
ion. In this particular case, the TNS point, G, 
s attached to the same junction. 

| If there is a coupling capacitor connected 
yetween the input of the volume control and 
he bottom of the i-f winding, or r-f filter, then 
| e will find some other resistor connected be- 
een one of the latter points and ground, or 
lhe diode cathode. (see Fig. 22) This will be 
he diode load resistor to be eliminated, as de- 
icribed earlier. Another way to check this is to 
jtart at the bottom of the i-f winding, or the 
-f filter, and follow the path which provides 
he lowest resistance d.c. return path back to 
he diode cathode. This will indicate the diode 
oad resistor. 


Getting Around The Tone Control 


Some of the most confusing circuits in the 
resent day auto radios revolve around the 
veird combination of tone control arrange- 
ments. The manufacturers seem to delight in 
making a maze of various resistors and capaci- 
ors. They can be broken down and analyzed 

we keep in mind that they are usually tied 
icross the volume control input and at the 
lame time are tapped into the control itself. 
| To install a TNS, leave these networks con- 
rected (even if only for the sake of the XYL). 
(The output of the TNS, point D, should go to 
he volume control input and hence will react 
the tone control variations in the usual man- 


| Occasionally it will become impossible to 
»btain the optimum in silencing and squelch 
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Figure 23. 
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Figure 24. 


operation with the TNS due to audio “leak- 
age.” This results from the use of a duo-diode 
triode in the car radio as a detector and audio 
amplifier. There is bound to be a certain 
amount of coupling through the common cath- 
ode of the diode and triode tube sections. 


Checking for ‘“‘Leakage” 


To check your TNS installation for leakage 
turn the squelch control (R7) towards its max- 
imum “no squelch” position and tune in a 
standard broadcast station. Remove the tubes 
from the TNS and turn up the volume control. 
If any audio from the broadcast station is heard 
there is leakage and steps should be taken to 
remove it. This involves separation of the de- 
tector and audio amplifier tube functions. 

A similar check should be made using the 
high-frequency converter connected to the 
broadcast receiver. This check should be made 
at a location where the external ignition is 
heavy. Remove the tubes from the TNS and 
note whether or not the ignition pulses are 
leaking through. Ignition pulses from the car 
in which the equipment is installed may also 
be used, although complete leakage suppression 
may not be experienced in all cases, since 
heavy ignition pulses originating in your own 
car will often leak through in other portions 


of the a-f circuits. 


With some type of noise limiters, leakage of 
this sort would not be noticeable. Usually it is 
light enough to be covered by other background 
noises. coming through directly, under normal 
operating conditions. When a squelching TNS 


AVC 


Figure 25. 
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TO TONE CONTROL 
NETWORK 


Fig. 26. Use of TNS in conjunction with tone 
control network. 


Fig. 28. A 6ALS may be added as a separate 
detector stage. 


25K TO 400K 


TO TNS B+ Sire ia fees SUPPLY 
12 


Fig. 29. Decoupling filter for TNS. 
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arrangement is used the directly received back- 
ground is quieted and any leakage naturally 
will be noticed. 

When the leakage is severe there is no alters 
native but to separate the detector and a.v.c. 
functions from the audio amplifier. Figure 28 
shows such an arrangement with a 6ALS added 
to the circuit. The dashed lines of Fig. 27 
show suggested changes to incorporate a 1N34 
as the detector element. Point “X” must be 
broken. This arrangement will save consider-. 
able space over the use of the 6AL5. 

The general procedure if this changeover is 
necessary is to disconnect the diode plates of 
the duo-diode triode tube from the rest of the 
circuit. Then ground these diode plates. The 
new diode plates should be connected to the 
leads removed from the old diode plates. The 
cathodes of the new diodes should be grounded. 


Motorboating in the TNS 


A common trouble with the TNS is its ten- 
dency toward motorboating when the squelch 
or volume controls are advanced. In some 
cases it will be inaudible and only evidenced 
through distortion.* In practically all cases 
the motorboating is due to feedback through 
the B-plus circuits. A simple de-coupling filter 
will solve this problem (see Fig. 29). : 

Another source of motorboating is the audio | 
feedback circuit between the a-f output stage 
and the cathode of the duo-diode triode. This 
is encountered in many auto radios, particular- 
ly those found in Fords. In these cases the feed- 
back line is connected from either the primary 
or the secondary of the a-f output transformer 
to the diode cathode, which in turn is above 
ground through a resistor of from 68 to 2700 
ohms (see Fig. 27). To get around this situa-) 
tion, the feedback line must either be discon-' 
nected and grounded, or the diode cathode must 
be grounded. Since this may eliminate the ad- 
vantages gained in over-all audio quality, a bet- 
ter solution is to use a separate diode detector, 
as described above, leaving the feedback circuit 
alone. In Fig. 27 this is shown as a crystal 
diode in dotted lines. The circuit is opened at 
point X. : 

In a few auto radios the motorboating may 
be due to the circuit shown in Fig. 30. Note | 
that a tap has been made at the junction of. 
the two resistors in the audio output stage to. 
provide some biasing. Here again, the easiest | 
and certainly the most effective solution is to’ 
replace the diodes in the duo-diode triode with 
1N34’s or a separate 6ALS. A very simple ex- 
pedient might be to ground the diode cathode ; 
at a sacrificesin bias of this tube. 

Where the TNS has been installed in a com- 
munications receiver, or one having high i-f. | 
gain, audio distortion and blocking often. oc-— 
curs with the reception of strong signals. If the. 


* The TNS should introduce no distortion and need notl 
be switched out of the circuit for regular broadcast. 
reception. ; 
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Eig: 30. Audio bias circuit found in some auto- 
| mobile receivers. 


potential of a received signal developed across 
the TNS load resistors R5, R6 and R7 is greater 
than 10 volts, severe a-f distortion will result. 
‘This potential should be measured, and, if 
found to exceed the 10-volt limit, should be 
reduced by inserting a dropping resistor, Rd, 
as shown at Fig. 31. The value of Rd will 
usually run around 150,000 to 220,000 ohms. 
Some loss in a-f level will result, but it should 
not be excessive. 


Loss of Audio with the TNS 


| Some Hams, upon installing the TNS, be- 
come victims of a high loss in audio output 
from the auto radio. Obviously almost any type 
of limiting or silencing device will somewhat 
‘reduce the audio, but the loss should be within 
reason. In the TNS the resistors, R5, R6 and 
|R7 represent a lower series value than the com- 
‘mon load resistance they replace. This, to- 
|gether, in some circuits, with a volume control 
jhigher than 500,000 ohms, will often drop the 
|audio level to a half or a quarter of that of the 
/unmodified receiver. A method to improve this 
|situation is to increase the respective values of 
|R5, R6 and R7 simultaneously by a factor of 
‘from 5 to 10 times. 

| In some receivers a resistor of approximately 
|220,000 ohms will be found connected between 
the volume control and the bottom of the i-f 
winding; or the r-f filter. This resistor should 
|be shorted out when the TNS is installed. By 


2. 
> 10v Max 
TO POINT A RO pa RS R6 R7 | 
ON OTHER G 
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Fig. 31. TNS circuit is limited to a 10 volt input 
signal for minimum distortion. 


the way, don’t make the mistake of trying to 
tap the B-plus from the plate terminal of the 
first audio tube (it has been done!) B voltage 
should come right from the supply. The TNS 
will operate within the range of 75 to 250 volts. 


Proper Operation and Adjustment 


There appears to be some misunderstanding 
as 'to the correct method of operating the TNS. 
A few operators have complained about distor- 
tion which was later discovered to be due to an 
improper squelch control (R7) setting. 

Turn on the converter and auto receiver and 
permit them to warm up thoroughly. Tune to 
a spot where there is no audible signal on the 
converter dial—just the background noise. Now 
adjust the squelch control to the point where 
the background level is just starting to drop 
out. Find the point where the background is 
causing the TNS to “chatter.” This is because 
the TNS cannot make up its mind whether to 
squelch or let the background pour through. 
This is the critical threshold point where the 
weakest signal can be heard. If this chattering 
is annoying while on the road, turn the squelch 
on just a little bit more. If you turn the squelch 
control too far, the sensitivity will drop and 


the strong signals will become bady distorted. 


The stronger the signal the more the control 
can be advanced before distortion sets in. 

On some potentiometers, the taper of the 
winding may crowd the threshold point until it 
becomes too sharp to set comfortably. This may 
be smoothed out by using a lower value at R7 
and placing it in series with a fixed resistor to 
make up the difference. 
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Basic Requirements 
and General Design 


The mobile transmitter has several distinct 
properties that tend to set it apart from fixed 
station equipment: 

1. Size is an important factor. 

2. The transmitter is usually remotely con- 

trolled. 

3. The transmitter must be so built as to be 

shock resistant. 

4. The control circuits are operated from 

6- or 12-volts d.c. 

5. The filaments may be of the direct heated 

type. 

6. The transmitter is usually designed 

_around the power supply unit. 

Points one and two are self-evident and re- 
quire no comment. Point three is exceedingly 
important. With the shocks and accelerations 
usually encountered in an automobile it has 
been found that the use of shock mounts on 
the mobile equipment is unnecessary and even 
undesirable. The equipment should, however, 
be firmly fastened down to the car frame so 
that it cannot shift position. Lock washers 
should be used under all machine bolts, and 
wiring should be laced. If much rough driving 
is contemplated, tube clamps should be used. 
They are not necessary for ordinary city driv- 
ing. Clean, neat, and mechanically sound as- 
sembly, with a goodly amount of common 
sense built into it is all that is needed for suc- 
cessful construction of mobile equipment. 

Points 4, 5 and 6 are directly related to the 
available primary power source. In some cases, 
Where a large percentage of operation is 
planned when the automobile engine is not 
running it may be wise to use instant heating 
filament tubes in the transmitter. These may 
be turned completely off during periods of re- 
ception to conserve battery drain. These tubes 
are more expensive, more microphonic and 
more fragile than the indirect heater type 
which are to be preferred in most cases. 

For those cars with 12 volt ignition sys- 
tems there is a complete series of 12 volt 
heater tubes, both receiving and transmitting 
types. The 12 volt 807 pentode, the 1625, is 
highly recommended for mobile use. It is 
readily available on the surplus market at a 
very low price. 

The control circuits may be operated directly 
from the d.c. primary circuit of the car. Opera- 
tion of these circuits is discussed in Chapter 2. 

Point 6 is extremely important and is often 
ignored by designers of mobile equipment. The 
power capabilities of most mobile supplies is 
strictly limited, and great care must be taken 
to insure that the transmitter design will work 


94 Mobile Handbook 


efficiently with the available power supply. For | 
example, let us assume we have a 300 volt, 
100 milliampere vibrator-type power supply 
and we wish to design a transmitter to work 
in conjunction with.this supply, operating ef- 
ficiently and not exceeding the rating of the 
vibrator unit. We may allocate the 100 milli- 
amperes as follows: Oscillator-20 ma. Ampli- 
fier-45 ma. Speech amplifier-3 ma. Modulator 
resting current-20 ma. This gives a total power 
drain without modulation of 88 milliamperes. 
Under 100% voice modulation, the modulator 
plate current would rise to about 45 milli- 
amperes, making the total current drain from 
the vibrator supply about 113 milliamperes. 
This is an intermittent drain, the average 
current being about 100 milliamperes or less 
with voice, modulation. If a large value of out- 
put capacity is used in the filter system (10 
pfd.) of the vibrator supply the voltage regu- 
lation will be very satisfactory, as the con- 
denser will absorb the impact of the peaks of 
current caused by modulation. The power in- 


W9HRM, the mobile station of the 
Milwaukee Radio Club. 


put to such a transmitter would be about 
13¥%2 watts. With an amplifier efficiency of 
70%, a 100% modulated carrier of 914 

watts would be radiated. 

The next step upwards in power would be 
the use of a dual vibrator supply or dynamotor 
to supply 300 volts at 200 milliamperes. This 
power could be apportioned in this manner: 
Oscillator (and buffer, if one is used)—30 
ma. Final amplifier—90 ma. Speech amplifier 
and driver—20 ma. Modulator resting current 
—20 ma. This gives us a total current drain 
without modulation of 160 milliamperes. Un- 
der 100% modulation, the modulator plate 
current would rise from 20 milliamperes to 
about 65 milliamperes on peaks. The total cur- 
rent drain, then, is 205 milliamperes. Again, — 
a large capacity output filter condenser should’ 
be used in the output of the power supply. 
The power input to this transmitter is 27 
watts, and the carrier power, assuming the 
same figure of 70% efficiency is 19 watts. 
The total primary drain in the first case was 


12AX7 Te 


B+300V 
42-35Ma 


Fig. 1. The use of either of these two low-pow- 
| ered modulators is to be highly recommended. 
‘Transformer Tl may be a UTC S-8. Transformer 
(12 may be a UTC S-18, and transformer T3 may 
‘be a UTC S-19. 

| 


yout 50 watts of power. In the second case 
‘is about 100 watts. The signal is now 3.0 
5 louder, or about % S-unit. This is just 
= the minimum signal change that can be 


dted on a receiver signal. To gain another 3.0 
D, it is necessary to increase the input to the 
pwer amplifier to 5S watts. Let us see what 
iis would entail. 

It would be necessary to increase the plate 
oltage from 300 volts to the region of 400 
‘ 500 volts. This takes us out of the power 
vel of the vibrator supply and puts us into 
ie dynamotor bracket. At this jump we lose 
oproximately 10% power in conversion ef- 
ciency, since the dynamotor consumes a fair 
mount of power just in the mere act of rotat- 
g its armature. The popular PE-103A 
moist will be used for this example. We 
ill draw 250 milliamperes at 450 volts from 
Exciter stages—30 ma. Final amplifier— 
a ma. Speech amplifier and driver—20 ma. 
fodulator resting current—20 ma. This is a 
ptal current drain of 190 ma. Under modula- 
on, the modulator plate current will rise to 
00 ma. This is a total drain of 270 mills, well 


lation output transformer. 
12AU7 
DRIVER 


6C4 tT NY amas 
4 


| 
3K 5 iptd 
= 


‘5 VOLTS 
SIGNAL 


B+250V 


B+250-300V 
35-80Ma 


within the conservative rating of the PE-103A. 
The input to the power amplifier is now 54 
watts, and assuming the usual 70% efficiency, 
a carrier of 38 watts is generated. This is 
exactly 3.0 db. louder than the transmitter us- 
ing the two vibrator supplies, and 6.0 db. 
louder than the transmitter with the single 
vibrator supply. Our primary drain from the 
primary system of the car has increased to 200 
watts. It can be seen from these examples that 
a 3.0 db. signal increase is bought dearly, 
costing an additional 100 watts of primary 
power for each 3.0 db. above the original 
91% watt carrier. | 

How much power to run? This is a per- 
sonal problem, not a technical one. Most ama- 
teurs settle for a dual-vibrator supply or a 
400-volt dynamotor as the middle course. A 
single vibrator supply transmitter does not 
leave the operator much of a margin for er- 
ror when the carrier is less than 10 watts. Any 
slight inefficiency in the system will reduce 
the carrier to a minute value. A carrier of 15 
to 25 watts starts to assume respectable propor- 
tions and is probably the best compromise be- 


Fig. 2. This circuit provides more audio at.a reasonable value of resting plate current. The 807’s are 
operated as class B triodes. Transformer T1 may be a UTC S-2, while a UTC S-20 will serve as a modu- 
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tween battery drain and transmitter output. 


Choice of Tubes 


A mobile transmitter is essentially a low 
voltage, high current device, and proper tubes 
must be used to meet this limitation, or it 
will be difficult to load the power amplifier to 
full input. For inputs under 15 watts the 6AQS5, 
5763, 6V6, 6L6 or 2E26 will work well. These 
tubes can be loaded to a plate current of 40 
to 45 milliamperes easily and without harm. For 
higher plate currents, at the 300-volt level, it is 
necessary to parallel two of these tubes, or to 
use tubes with more filament emission and high- 
er perveance that will permit the use of higher 
plate current. The 6AVSGT and 6BQ6GT are 

“recommended for this use. For 350 to 450 volt 

operation the 2E26, 807 and 6146 tubes are 
recommended. The 832 and 829 tubes are ex- 
cellent, but they are usually too high priced for 
the average ham. In their place, the twin- 
pentode 815 will perform in a very satisfactory 
manner. 

Several practical circuits may be used for 
modulators to improve the overall power effi- 
ciency level. For audio powers of 5-7 watts, a 
single class B 12AX7 tube works well. Two of 
these tubes in push-pull parallel connection will 
generate 15 watts of voice audio at 250 volts 
(Figure I). For 300 volt operation the type 
1635 tube is recommended. The 1635 is a 
special purpose 6N7 double triode that operates 
with a resting plate current of only 7 ma., com- 
pared with a resting plate current of 35 ma. for 
the 6N7. The socket connections and operating 
parameters of the 1635 are the same as those of 
the 6N7. The 1635 may be obtained on the sur- 
plus market or on special order through any 
wholesale dealer. 

For operation in the region of 400-600 volts, 
two 807 tubes class B connected are recom- 


drops from the usual value of 70 ma. to only 
20 ma. when the tubes are so connected. 


Modulation: Considerations ~ 


Because of the relatively lower power inputs 
used with mobile transmitters and the lower 
efficiency of the antennas compared with fixed 
stations, the effectiveness of the modulation of 
a mobile transmitter takes on a high order of 
importance. (Effective modulation here means 
enough of the right kind of modulation.) For 
example, one may modulate 100% but have a 
bassy sounding audio such that 100% modula- 
tion occurs at 300 cycles and never at 1000 
cycles. 

The frequency spectrum of the human voice 
may be roughly divided into two regions: The 
first region contains all frequencies lower than 
500 cycles. These frequencies contribute iden- 
tification to the speaker. They tell whether the 
speaker is male or female and enable one to 
identify one male voice (or female) voice from 
another. The second region contains all fre- 
quencies above 500 cycles. These frequencies 
carry the message that is being spoken. A good 
example of these frequencies is a whisper. 
Everyone, man or woman, whispers alike. A 
blindfolded listener finds it almost impossible 
to distinguish one person’s whisper from that of 
another. When one speaks normally, he is actu- 


CI—0.005 ufd., R3—100,000 fee Vow 
ceramicon R4—220,000 ohms, |/2w, 
C2—100 pufd. mica R5—1500 ohms, Vow. | 
C3, C5—1.0 ufd., R7—100,000- ohn 
200v. potentiometer 


R8—750 ohms, !/ow. 
R9—500 ohms, Iw. 


C4—560 mufd., mica 
Cé, C8, CI—0.00! ufd., 


ceramicon TI—UTC-# 5-8, 
C7—8 ufd., 450v. class B driver 
RI—!000 ohms, Yow. T2—UTC #5-19, 


R2, R6—47,000 ohms, 30-watt modulation © 


mended. The tubes are connected as class B Vow. scaethimee 
triodes (Figure 2). The resting plate current 
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W9CWEB uses a TBS-50A as a mobile transmitter, 
mounted beneath ‘the dash of his automobile. 


lly still whispering, but he is also adding in 
ower frequencies which identify his voice. 
ome readers may recall having seen a demon- 
tration of this by the Bell Telephone Labora- 
ories’ VODER, an electronic machine which 
reated speech sounds, and actually could say 
ords and sentences. The only sounds the 
ODER really made were a hiss, or whisper, 
nd a low frequency buzz. These sounds could 
e put together by the operator of the machine 
nto understandable speech. 

Measurement taken on many male and fe- 
male speakers show that the maximum energy 
in speech exists at about 500 cycles. The speech 
nergy drops at a rate of approximately 6 db 
er octave above 500 cycles. It is this energy 
hat carries voice intelligibility. Thus a modula- 
ion system with a flat audio frequency response 

ay sound natural, but it certainly is not what 
s wanted for maximum intelligibility. Over- 

odulation will occur first somewhere around 
00 cycles, leaving the intelligence carrying fre- 
uencies many decibels down from this value. 

If all frequencies below 500 cycles are elim- 
inated, no loss of intelligence occurs, and we 
ill throw away about 65% of the total speech 
ower, the function of this power being only to 
ake the speaker sound natural. When we 
throw away this “make-natural” power by sev- 
rely limiting the lower frequencies, we can 
odulate 4 db heavier on what frequencies re- 
main—that part which gets the intelligence 
hrough! Of course in order to get this “free” 4 
db we must have a modulation system capable 
f delivering it. 

_ If, in the interests of signal bandwidth, we 
limit the high frequency response of the system 
0 2500 cycles, we will lose only about 18% of 
the syllables, and 3% of the words. Since more 
oss of words and syllables occurs because of 
RM and fading than because of this restricted 
andwidth, we may consider the cutting of high 


frequencies to be very desirable. 

It was stated previously that the energy in the 
average voice drops about 6 db per octave 
above 500 cycles. If we employ a system that 
will boost frequencies 6 db per octave above 500 
cycles, maximum modulation will occur at all 
audio frequencies simultaneously. The 2000 
cycle frequencies will actually be 12 db higher 
in this system than the same frequencies in a 
“flat” system. 

The last step is to employ speech compres- 
sion. Peak amplitudes in speech are some 10 db 
greater than the average speech power, and 
since we have made all speech energies equal 
in our modulation system between 500 and 
2500 cycles, compression of peaks will occur 
equally everywhere along the audio spectrum. 
We can now compress 6 db without harmful 
effects. 

A complete modulation system, utilizing all 
these principles should have: 

1. Complete attenuation below 500 cycles. 

2. 6 db per octave boost from 500 cycles to 
2500 cycles. 

3. Attenuation of all frequencies above 2500 
cycles. 

4. About 6 db of speech compression. 

This will provide maximum speech modula- 
tion effectivity in a mobile transmitter. 


Low Drain 
Modulator 


A circuit incorporating these first three fea- 
tures is shown in Figure 3. This modulator, 
using a 400 volt plate supply is capable of mod- 
ulating 50 watts input to the final amplifier. 
With a 300 volt supply, it will fully modulate 
25 watts input to the final stage. The total 
modulator plate current drain with no signal 
input is only 27 ma. This is less than drawn by 
a single 6N7 tube. For 300 volt operation, the 
total modulated plate current drain is just 
slightly over 50 ma. Assuming 50 ma. of current 
for the r-f section of the transmitter, this rating 
will allow the use of a single 300 volt, 100 milli- 
ampere vibrator supply for 300 volt operation. 
If a large output condenser is used on the 
vibrator supply, the slight voice peaks that pro- 
duce a total plate current of slightly greater 
than 100 mills do not cause a sharp drop in 
plate voltage. At 400 volts the modulated plate 
current drain is 95 ma. at full output. 

Referring to Figure 3: A dual 12AU7 tube 
is used as a grounded-grid cathode driven stage 
of speech amplification. The cathode current of 
the tube provides microphone current for the 
carbon microphone connected between the cath- 
ode bias resistor and ground. The R/C network 
between the plate circuit of this tube and the 
grid circuit of the second half of the 12AU7 
provides some measure of response shaping. 
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Fig. 4. This is the basic working schematic of 
the clamp tube modulating system. The audio 
wave varies the internal resistance of the clamp 
tube which in turn controls the screen grid volt- 
age of the r-f stage.. 


C1/R3 provides a sloping response character- 
istic to attenuate the low frequencies, while 
R4/C2 attenuates the high audio frequencies. 
Condenser C3 in the cathode of the second 
section of the 12AU7 also offers some low 
frequency attenuation. 

Network C4/R7 provides a rising character- 
istic to the audio response between 500 and 
5000 cycles. There is 6 db boost from 500 to 
1000 cycles, 3-1/2 db boost between 1000 and 
2000 cycles, and 1.8 db boost between 2000 
and 5000 cycles. This response, combined with 
the shaping networks in the first 12AU7 stage 
provide a very satisfactory speech response. The 
audio is clear and crisp, and is very effective in 
cutting through heterodynes and other signals. 

The second 12AU7 is connected in parallel 
to provide a source of power for driving the low 
impedance grids of the 1635 modulator. Trans- 
former T7/ is a class B driver transformer, with 
a step-down ratio of 5:1. Condenser CS is 
chosen to attenuate the audio frequencies below 
200 cycles. 

The 1635 tube is an excellent low power 
modulator. It is a commercial version of the 
6N7 tube, having higher voltage and dissipation 
ratings, and a substantially lower resting plate 
current with no audio excitation. With voice 
wave forms this tube will modulate 50 watts 
input to the final Class C amplifier stage. 

Condenser C6 is connected across the pri- 
mary of the Class B output transformer. In 
conjunction with the leakage reactance of T2 
and the usual plate-to-ground bypass condenser 
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in the final amplifier, this condenser forms a 4 
pi-section low pass audio filter, cutting off 


sharply at about 4000 cycles. 


This modulator will work well with various 
r.f. tubes, such as the 2E26, 807, 6146 and ~ 


6AVS. 


Screen 
Modulation 


Since pentode tubes are in almost universal 
use in the modulated stages of mobile trans- 
mitters, it is natural to think of some form of 
screen modulation as an economical means of 
obtaining the maximum carrier power from the 
available primary power source in the car. Since 
screen modulation does away with the heavy 
current drain needed by a Class B modulator, 
it is an important type of modulation to be con- 


sidered when designing mobile ae | 


equipment. 


Among the low power tubes, the 807 is one | 
that is well suited for screen modulation. It can — 


be modulated close to 100% with a suitable 


screen modulation system. It has a rather high © 
impedance (high voltage, low current) screen | 
circuit and requires but little audio for modula- | 


tion. Other tubes with low impedance screen — 


circuits (such as the 6146) are not as well | 


adapted to screen modulation. 


The most widely used system of screen mod- | 


ulation is the so-called “Clamp-Tube” system. 
It derives its name from the use of a screen 


clamper tube as a Heising modulator for the © 


screen circuit of the r-f stage (Figure 4). Audio 
voltage is supplied to the grid of the clamp tube, 
and the internal resistance of the clamp tube 
varies at the audio rate. This varying resistance 
is placed in parallel with the resistance to 
ground formed by the screen grid circuit of the 
modulated stage. With a tube of high screen 
resistance and a large value of series dropping 
resistance, the varying resistance of the clamp 
tube has a very decided control on the voltage 
drop across the series resistance, and conse- 
quently the voltage applied to the screen of the 
r-f amplifier tube. But with the tubes of low 
internal screen resistance, the current is higher 
and the value of the series dropping resistor is 
lower and the control of voltage by the clamp 
tube is less effective. 

A suitable circuit for modulating one or two 
807 tubes is shown in Figure 5. The 6SN7 acts 
as a matching tube for a carbon microphone, 
and a single stage of transformer coupled 
speech amplification. The 6L6 tube acts as the 
“clamper-tube” modulator. In order to obtain a 
high percentage of modulation it is necessary 
for the 6L6 to swing the screens of the 807 
tubes to zero voltage. Since the instantaneous 
plate voltage of the 6L6 never swings as low as 
Zero volts, it is necessary to add the R6/C4 
circuit between the 6L6 and the 807 screens. 


B+130¥ 
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B+250V B- 


Ei, G3—!.0pid., 200v. 
>2, C5, C6—0.00! pftd., 
| ceramicon 

54— 10.0 pfd., 450v. 
%1—1000 ohms, !/ow. 
%2—1500 ohms, "ow. 
t3—1.0 megohm 
potentiometer 


R4—47,000 ohms, '/ow. 
R5—2000 ohms, _ 

10 watts, adjustable 
R6—20,000 ohms, 

10 watts, adjustable 
R7—25,000 ohms, 

25 watts, adjustable 
TI—3:! interstage 


trolling the screen voltage of one or two 807 


| Fig. 5. A clamp tube modulator capable of con- 
| tubes. 


'4 will hold the d-c voltage constant under 
iodulation, while R6 allows the instantaneous 
treen voltage of the 807 tubes to drop to zero 
nder modulation peaks, when the 6L6 plate 
oltage is at its lowest point. 

Screen modulation is essentially a high volt- 
ge, low current system, and this system works 
ex when 700 to 1000 volts are applied to the 
lates of the 807’s. The minimum plate voltage 
or efficient clamp tube modulation of 807 
abes is about 450 volts. This is the usual plate 
Itage obtainable in mobile work, and this 
stem will work in a satisfactory manner with 
rat voltage, but not with any lower voltage. 


| 
| 
| 


|The home-made VFO _ trans- 
| mitter of W2RJL, along with a 


Gonset “Tri-band” converter 
|forms a compact under-dash 


installation. 


For best modulation, the-coupling to the an- 
tenna system should be very tight, and less grid 
drive is desirable than with plate modulation. 
With the usual amount of antenna coupling, 
downward modulation will be noticed on an 
antenna ammeter. 

To adjust this system, R7 should be set so 
that the plate voltage on the 6L6 is about 250 
volts. R6 should then be set so that the 807 
screen voltage is about 130 volts. The higher 
the plate voltage, the greater can be the value 
of R7 and the more effective is the modulation 
system. R5 is adjusted for 20 volts bias on the 
6L6 clamper tube. 

After these adjustments have been made, the 
coupling between the modulated stage and the 
antenna should be increased until the antenna 
current drops about 15% in value. After this is 
done, the antenna current will kick up ina 
lively fashion under modulation. 


Gating 
Modulation 


A superior type of “clamp-tube” modulation 
is the Gating system, wherein the clamp tube is 
a series connected element in the screen system, 
rather than a parallel connected element. The 
control tube now becomes a gate, or variable 
resistance having a very high internal resistance 
when no signal is applied to its grid, and be- 
coming lower in value when a signal voltage is 
applied. A typical circuit is shown in Figure 6. 
The modulator load resistance is now in the 
cathode circuit of the control tube. Such a 
cathode follower requires a large amount of 
grid excitation voltage, and it is necessary to 
drive this stage with a transformer coupled 
voltage amplifier. 

When the audio voltage is applied to the grid 
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Fig. 6. The “gating system” is a superior type of 
screen modulation. The control is effectively used 
as a gate or seriss element rather than a paral- 


lel variable resistance as shown in Fig. 4. 


of this modulator, the positive peaks overcome 
some of the bias and the resistance of the tube 
is lowered and the screen voltage is raised. On 
negative peaks of audio the reverse takes place 
and the screen voltage becomes lower. 

Since the full screen voltage of the r-f stage 
-is applied to the cathode of the modulator, this 
circuit should not be used where the screen 
potential exceeds 300 volts or so. Fortunately, 
most screen grid tubes in mobile service take 
much less screen voltage than this for: proper 
modulation. 

Control R5 sets the initial screen voltage on 
the modulated stage. If the d-c screen voltage is 
set low, a definite controlled carrier effect can 
be noticed. This is most pronounced when a 
high value of plate potential is applied to the 
screen grid stage. 

The circuit shown in Figure 6 will fully mod- 
ulate a pair of 807 tubes with 450 to 1000 volts 
on the plates. The plate voltage on the 6V6 
should be of the order of 300 volts. R5 should 
be set for a cathode voltage of 150 volts from 
pin & of the 6V6 to ground. If this voltage is set 
lower than this, the controlled carrier effect will 
be noticed, with both plate current and antenna 
current kicking up under modulation. With 150 
volts on the screens of the 807 tubes, there is 
little if any controlled carrier effect. 

As with any type of grid modulation, the 
antenna should be tightly coupled to the modu- 
lator stage. Increase the antenna coupling and 
decrease the grid drive until the antenna current 
drops about 15% from maximum value. If this 
is not done, downward modulation will result 
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“% 
and the modulation will sound “washed out”. 
With this, or any other type of grid or screen 
modulation, the efficiency of the modulated r-f 
stage will be of the order of 35-40%. 


: 
| 


a Practical Screen 
Modulation Circuit 


A simple series screen modulator designed to | 
work with a single 807 or 6146 r-f amplifier is 
shown in Figure 7. | 

A dynamic or crystal mike drives V1, a 12AX7, 
which is a cascaded amplifier with a gain of 
approximately 5000. The output of the second’ 
half of the 12AX7, approximately 150 volts 
peak to peak, is applied to both grids of V2, a' 
12AU7. Veo is used as an infinite impedance de-| 
tector to provide a d-c voltage corresponding to’ 
the positive peaks of the audio signal. This d-c 
voltage on the cathode of Ve is applied to the 
grid return of Veo. Ve» is a cathode follower 
driving the screen of the 6146. The voltage at 
the grid of Vz. consists of the audio signal) 
superimposed on a d-c voltage approximately 
equal to the positive peaks of the audio. Since 
the voltage at the cathode of Vs» very closely 
follows the voltage on its grid, this composite 
signal is applied to the screen of the 6146, 
resulting in controlled-carrier modulation. The 
low output impedance of the cathode follower 
results in an excellent modulation character-. 
istic when driving the variable load represented 
by the screen of the r-f amplifier. It is true that. 
100% screen modulation cannot be achieved. 
by driving the screen only to zero voltage with 
the audio signal, as is done in this modulator. 
(To completely screen modulate a tetrode, the 
screen must be driven slightly negative with 
respect to the cathode.) However, trapezoidal 
waveforms on a scope indicate that a satis- 
factorily high percentage of modulation is 
achieved, in the vicinity of 80%-90%. | 


The neat 
W9QIO is mounted in the turtle-back, along 
with an auxiliary battery. 
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Fig. 7. Mobile screen modulator schematic. This circuit is for 
use with a ceramic-type crystal microphone. 


The complete modulator may be built upon 
a 2”x4” chassis, or if used with a “Command” 
transmitter, may be built into the unused crystal 
socket and “magic eye” socket at the back of 
the set. If a carbon microphone is to be em- 


connected as a grounded grid stage, with the 
microphone inserted in the cathode circuit, as 
shown in Figure 3. = 


| 


the W6MTY Screen- 
modulated Transmitter 


_ Shown in Figure 8 is the simple 75 meter 
phone transmitter used by W6MTY. 

Since operation was desired only on 75- and 
40-meter phone, the r-f section is conventional. 
The first half of the 6SN7 tube is used in a 
tuned-plate crystal-oscillator circuit. Plate volt- 
age is lowered to a safe level by resistor, R4, 
and filtered of modulation products by the elec- 
rolytic capacitor, C5. For single-band opera- 
tion, coil LJ can be fixed. However, with the 
plate-tuning capacitor shown here, plug-in coils 
should be used for two-band coverage. Of 
course, a larger capacitor in the C7 position 
ould make one coil tune both bands, but this 
ractice is likely to lead to harmonic and over- 
rive troubles, so it is not recommended. 

_ The r-f amplified is capacitively coupled to 
the oscillator; and a split-stator capacitor with 
plug-in balanced coil and center link is used 
in the plate circuit. The 6L6 tube requires 
neutralization, which is easily accomplished 
ith this circuit. ( 

A high gain microphone transformer (TJ) 
nd the second half of the 6SN7 tube comprise 
a simple speech amplifier stage. 

To eliminate vibrator hash and car noises that 
have a habit of sneaking from the 6-volt system 
into a microphone circuit, a pair of 1'%-volt 
cells in series are used to supply mike current. 


| 


ployed, the first section of the 12AX7 should be | 


Using the speech-amplifier tube and its load 
resistor as a voltage divider to supply the cath- 
ode-follower grid bias, eliminated another tube 
section. Thus, the modulator ends up as a simple 
voltage amplifier and cathode follower. 

This method of biasing the cathode follower 
does not permit changing the operating point 
at will, but it is felt that the value of keeping 
things simple outweighs this disadvantage. 


Construction and Operating Hints 


The only rigid guide to be followed in the 
layout is: “Keep the leads short.” 

Terminals and jumpers are provided in am- 
plifier-plate and grid circuits for metering, al- 
though the use of close-circuit jacks (insulating 
the plate one, of course) would facilitate the 
job. For checking currents, either a multimeter 
or separate 0-10 and 0-100 milliammeters can 
be used for grid and plate respectively. 

To tune the transmitter, first connect the 
grid meter and remove the 6N7 modulator. 
Apply plate voltage and tune the oscillator-plate 
capacitor for not more than 2 ma. of 6L6 grid 
current. Then tune the 6L6 plate circuit to 
resonance, as will be indicated by a jump of 
the grid current. To neutralize the amplifier, 
adjust the control, Cn, for the least grid-current 
variation as the plate is tuned through reso- 
nance. 

With the 6L6 tube installed, and its plate 
circuit adjusted to resonance, as shown by a 
dip in plate current, the screen voltage should 
be 150 volts, or one-half the supply voltage. If 
necessary, this voltage can be adjusted by 
changing the value of resistor, R5 or R6. Bias 
voltage on the 6L6 grid should be set to 50 volts 
by adjustment of the oscillator-tuning control, as 
measured with a 20,000 ohms-per-volt meter 
through an r-f choke clipped onto the “hot” 
prod. When the oscillator is tuned “on the 
nose,” the amplifier is overdriven, causing 
downward modulation. This should be checked 
after the antenna is coupled and the 6L6 tube 
is drawing its rated operating power. 
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The ‘Golden Gate” Circuit 


A simple variation of the usual gating system 
has been employed by many amateurs in the 
San Francisco bay area with considerable suc- 
cess. Shown in Figure 9, this simple 75 meter 
phone transmitter employs but two tubes, a 
6146 r-f amplifier, and a 12AT7 serving both 
as crystal oscillator and gating modulator. 

The transmitter is tuned up in the normal 
manner, with SW-/ placed in the “tune” posi- 
tion. The 6146 should be loaded heavily so the 
resonance plate current dip is almost eliminated. 
SW-1 is then placed in the “operate” position 
and R/ is adjusted for about 1/3 the antenna 
current obtained in the “tune” position. By 
making minor adjustments in the setting of R/ 
and the antenna loading of the 6146 stage, ex- 
cellent modulation may be obtained with this 
simple circuit. If desired, an 807 or 6BQ6-GT 
may be substituted for the 6146 tube when 300 
volt operation is contemplated. In any case, the 
resistor in the oscillator circuit should: be ad- 
justed to provide 250 volts for correct oscillator 
operation. 

This circuit may be modified as shown in 
Figure 10 to modulate a “Command” trans- 
mitter. Both sections of the 12AT7 are placed 
in parallel and the screen bypass condenser of 
the transmitter is changed to 500 ppyfd. to allow 
full modulation. To prevent frequency modula- 
tion, the oscillator of the “Command” set should 
be voltage regulated by a VR-150/30 in the 
plate supply circuit. 


Speech Clipping for 
Mobile Transmitters 


By employing speech clipping in mobile trans- 
mitting equipment a high percentage of modu- 
lation is possible without sideband splatter. This 
is Of tremendous advantage in mobile work for 
the mobile transmitter is usually of low power, 
and the mobile signal is often much weaker than 
an equally powered signal from a fixed station. 
By limiting the frequency response of the mod- 
ulator and keeping the average level of modula- 
tion as high as possible, the mobile station is 
able to hold its own among signals that are 
many times stronger. 

With a complex waveform, such as that of 
the human voice, 100% modulation of the car- 
rier is determined by the amplitude of the 
maximum peaks of the voice wave. These peaks 
occur at various intervals during speech and 
result in an average modulation level much less 
than 100%. The peaks are generally composed 
of vowels which contribute little to speech in- 
telligibility, while the important consonants of 
less energy are down in the average level. The 
_ average modulation level is usually about 25- 
35%, depending upon the characteristics of the 
particular voice, the microphone, and_ the 
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speech amplifier. This means that the averagi 
power is far less than the “four times” carrie 
peak power attainable at 100% modulation. I 
the maximum peaks are suppressed or clipped 
the amplifier gain control may then be advancec 
so that the average level containing the vita 
speech sounds will:be increased without exceed 
ing 100% modulation, and the carrier will bi 
more fully utilized. Thus a stronger audio signa 
of better intelligibility for cutting thru QR 
will be realized. ; 

Clipping creates a certain amount of distor 
tion dependent upon the degree of clipping. L 
practice, 10 db or so is a maximum usabl 
amount, as distortion becomes objectionabli 
above this value. — 

In order to prevent the high frequency har 
monics created by the clipping process fron 
modulating the carrier and causing sideban 
splatter, a low pass filter should be installec 
following the clipping stage. This filter shouk 
cut off at about 3500 cycles, permitting amphi 
high frequency response for voice transmissions 
yet limiting excessive high frequency response 
Speech clipping may be done in the low powe 
speech amplifier stages preceding the modulator 
or it may be done after the modulator and be 
fore the modulated amplifier. 

High Level Clipping 

The circuit for a typical high level clippe 
suitable for mobile use is shown in Figure 11 
This type of clipper is fully automatic in oper 
ation, and will allow extended positive modula 
tion peaks while fully limiting the splatter 
causing negative modulation peaks. Condenser 
C1, C2, C3, and C4 in conjunction with choki 
LI form a low pass filter, attenuating all fre 
quencies above about 3500 cycles. The induc 
tance of the modulation transformer secondar 
winding, plus C4 and C5 form an additiona 
constant-K section low pass filter, giving addi 
tional attenuation to the unwanted frequencies 

The clipper tube is placed on the B-plus sidi 
of the modulation transformer. As can be seel 
from the circuit, there is a potential differenc 
of about 400 volts between the cathode of thi 
clipper tube and its filament, one side of whicl 
is at ground potential. The maximum operatin; 
potential of the clipper tube, therefore, is thi 
maximum cathode-heater potential at which thi 
tube will operate safely. For the 6X5 tube, thi 
potential is 450 volts. If the clipper tube i 
placed between the modulation transformer an¢ 
the modulated stage, the plate voltage of th 
transmitter would have to be dropped to 22: 
volts, since under 100% modulation the cath 
ode-heater potential would reach twice th: 
operating plate voltage, or a value of 450 volts 
When the 6X5 is placed before the modulator 
its Operation is identical with the above case 
except that the cathode-heater potential is equa 
to the operating plate voltage under 100% mod 
ulaion. Thus the plate voltage to the transmitte 
may Safely be raised to 450 volts, the maximun 
cathode-heater voltage rating of the 6X5. 


R4 
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Fig. 8. Complete scones for the W6MTY mobile transmitter. 


Cn is a 3 yupfd TV-type trimmer. 


fe che 6X5 will safely pass | a plate current of 
70 ma. For currents up to 125°ma., a 6AX5 
tube may be used.” For greater plate currents, 
wo tubes in parallel should be used. 
_ For plate voltages above 350 volts, an OZ4 
gas rectifier may -bée used. One of these tubes 
will safely pass 75.ma.,'and since it has an 
ionically heatéd cathode -that Operates “above 
ground” (Figure 11). there is no danger, of 
internal breakdown within*the tube. Two or 
ore OZ4 tubes may be_used in: parallel for 
reater current Capacity provided a 100 ohm 1 
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watt resistor is placed in series with the anode 
of each tube to equalize the current thru the 
tubes. The OZ4 tube cannot be used at operat- 
ing potentials of less than 325 volts, since it 
takes this voltage to “fire” the tube ‘and ‘start 
it operating. 

For plate voltages up to 1200 volts, it is 
possible to use selenium power rectifiers as high 
level clippers. The selenium rectifiers should be 
insulated from ground to prevent voltage break- 
down. Suitable rectifiers are listed for various 
current ratings in Figure 12. 

The usual high level filter is a pi-section 
filter composed of a choke of from 0.1 to 1.5 
henries inductance and condensers of from .003 
pfd. to .01 pufd. capacitance (Figure 13): It 
must be remembered that the plate bypass con- 
denser of the modulated stage is in parallel with 
condenser C2. The plate bypass condenser may 
be made to act as C2 by making it the correct 
value for the filter. Special “splatter chokes” are 
made by Chicago Transformer Co., Triad 
Transformer Co., “Standard Transformer Corp., 
and others that have a tapped winding to cover 
the above inductance ranges. The condensers 
used in the filter should have a d.c. working 
voltage rating of three times the unmodulated 
plate voltage of the transmitter. The correct 
values of capacitance and inductance for the 
filter are shown in Figure 13. 


Fig. 9. The “Golden Gate’ screen modulation 
circuit applied to a 6146 tube. 


T1—J. W. Miller #1470 
coil 

T2—Mike ~ transformer. 
Triad A-5X 
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a Clipper-Modulator for 
the Mobile Transmitter 


Shown in Figure 14 is the schematic of a 
modulator unit capable of fully modulating a 
50 watt mobile transmitter. Low level clipping 
and filtering combined with high level filtering 
allow a maximum of voice energy to be applied 
to the transmitter before the point of over- 
- modulation is reached. 

A 12AX7 is employed as a two stage speech 
amplifier. The first section of this tube is a 
grounded grid amplifier, to be used with high 
gain carbon microphones. The microphone is 
connected in the cathode circuit of the tube, the 
plate current of the tube furnishing exciting 
current to the microphone. If more gain is 


needed, the alternative input circuit may be 


substituted for the grounded grid stage. A 
microphone transformer provides a high voltage 
step-up ratio between the microphone and the 
grid of the 12AX7 input stage. Microphone 
voltage is obtained from the d.c. filament supply 
of the transmitter through a simple R-C filter 
network. 

' The coupling condenser between the two 
- 12AX7 stages is chosen so as to limit the low 
frequency response of the amplifier. This results 
in a reduction of the “canting” of the clipped 
wave which occurs as a result of the phase shift 
through the succeeding stages. Approximately 
25 volts (peak-to-peak) is delivered by the 
12AX7 to the clipper stage under maximum 
gain conditions. 

A series-clipper diode circuit employing a 
6AL5 provides a clean, clipped wave. The 
clipping level is controlled by a potentiometer 
which varies the plate potential applied to the 
two series diodes. A clipped wave of about 5 
volts peak level may be obtained from the clip- 
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per. To restrict the harmonics above 350(\ 
cycles that are generated by the clipping action 
a low pass filter follows the clipper. The outpu 
of the filter is applied to a 12AU7 double triod' 
functioning as a “voltage-divider” type phas 
inverter. Sufficient voltage may be obtaine 
from this inverter to properly drive a pair o 
beam tetrodes to maximum output. 

Either 6L6, 807 or 5881 tetrodes may be use 
in this circuit, depending upon the maximur 
plate supply voltage applied to the tubes. Th 
speech amplifier and the tetrode screens are fe 
from a 300 volt supply. The current drain o 
this circuit is about 15 to 20 ma. If 300 volts i 
applied to the plates of the 6L6 tubes, th 
cathode resistor should be dropped to 150 ohms 
About 20 watts of audio may be obtained, wit. 
a plate current of about 125 ma. to the 6L6’: 
If the plate voltage is increased to about 36 
volts, the cathode resistor should be increase 
to 250 ohms, and approximately 25 watts o 
audio may be obtained. ve 

If the cathode of the 6L6 tubes are grounde 
and a small 221% volt battery connected in th 
grid circuit to bias the tubes, approximately 3 
watts of audio may be obtained at a plate voli 
age of 360. Proportionately higher output ma 
be obtained at higher values of plate voltage 
Complete specifications for the operation c 
6L6 tubes as audio modulators may be obtaine 
from the RCA tube manual RC-17. 

To reduce the higher order harmonics ger 
erated in the 12AU7 and 6L6 stages, a low pas 
audio filter is connected between the modulate 
amplifier and the output of the modulator. Th 
use of this additional filter greatly reduces th 
sideband “splatter” so commonly associate 
with mobile transmitters. 

The actual level of modulation is controlle 
by the clipping potentiometer in the 6AL 
stage. This limits the audio level to any pri 
determined value. This control is set so that n 
audio peaks pass over the value necessary fc 
100% modulation. Once this level has bee 
established, the audio gain control is advance 
until just enough audio is applied to the clippe 
to permit 100% modulation. Any increase i 
audio beyond this point will actuate the clippe 
and will not be passed to the modulated stag) 
With an adjustment of this type, the clipper ac 
as a modulation limiter, preventing overmodul: 
tion of the transmitter. 

If the plate voltage applied to the 6ALS clij 
per is now further reduced by moving the art 
of the clipping potentiometer closer to tt 
ground end of the control, additional clippir 
will be brought into play. About 10 or 12 db « 
clipping may be added before the modulatic 


Fig. 10. “Golden Gate” 
mand” transmitter. 


modulator for “’Com- 


1—T2 same as in Fig. 9 . 

2—Screen bypass condens- 
ers of f-a stage (C11, 
C12) reduced to 500 
uufd each, Fig. 20 
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Fig. 11. High level speech clipper and filter suit- 
able for mobile use. An OZ4 tube may be substi- 
tuted for the 6X5 when the plate voltage and 
current are high. 


‘tarts to sqund “mushy”. With the extra clip- 
xing, the modulation will take on a degree of 
xeaviness and force that will make for easy copy 
inder conditions of QRM. Too much clipping 
vill make the voice sound “boomy” and difficult 
o read. The correct adjustment of the gain and 
lipping controls is not hard, and may be done 
a moment with the aid of a nearby monitor. 
it is best to start with no clipping and add it 
tadually until the correct level is achieved. 


12AX7 Modulator 


The miniature 12AX7 tube makes an excel- 
nt Class B modulator for low powered mobile 
ransmitters. Operating with a plate potential of 
300 volts, the 12AX7 requires no bias, having 
resting plate current of only 10 ma. This is 
wer than any other tube capable of producing 
he same amount of audio power. The resting 
late current of the 6N7 is 35 ma., and the 
esting plate current of the 1635 is 11 ma. The 
yopular push-pull 6AQ5 modulator draws a 
ninimum plate current of 70 mils even when 
he stage is overbiased. 
_ When mobile operation is contemplated using 
. single vibrator supply, it is of the utmost im- 
yortance that unnecessary current drain be cut 
0 an absolute minimum. The use of the 1635 
x the 12AX7 as a modulator is almost man- 


datory. 

The 12AX7 will deliver 7 watts of voice 
audio with negligible distortion when operating 
at a plate potential of 300 volts. The resting 
plate current is 10 ma., kicking up to about 35 
ma. under modulation peaks. The 12AX7 may 
be easily driven by a single 12AU7. The first 
half of the 12AU7 is connected as a voltage 
amplifier, with a high gain carbon microphone 
in the cathode lead. The second section of the 
12AU7 is a transformer coupled driver for the 
12AX7. The total plate current drain of the 
two tubes is 43 ma. when delivering 7 watts of 
audio (Figure 15). | 

Two 12AX7 tubes may be used in push-pull 
parallel to obtain 15 watts of audio power 
(Figure 16). More drive is needed for this 
circuit, so the 12AU7 driver tube is connected 
as two transformer coupled stages, the carbon 
microphone being connected in the cathode of 
the first section of the 12AU7. 

The correct load impedance for a single 
12AX7 is in the vicinity of 14,000 ohms. Two 
tubes connected in push-pull parallel require a 
load impedance of 7,000 ohms. 

Because of the simplicity of these circuits, it 
is hard to do:much forming of the voice re- 
sponse characteristics of the modulator. A drop 
in low frequency response can be made by 
reducing the value of the coupling condenser C2 
in Figure 15 to .001 pfd. The high frequencies 
are cut sharply by C3 acting in conjunction 
with the leakage reactance of 72 and the plate 
bypass condenser of the modulated amplifier. 

In Figure 16 the low frequency response is 
controlled by Cl and by the loss of low fre- 
quencies caused by the 12AU7 plate current 
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Fig. 12. Selenium rectifiers may also be used as 
high level clippers. One rectifier may be used for 
plate voltage up to 400 volts. Two in series 
should be used for plate voltage from 400-800 
volts. 
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6500 | .006 | 0.50 | .0043 
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| 7500 | 005 | 0.58 | 0038 


Figure 13. This table will enable a high level 
filter to be designed for 3000 cycle cutoff with 
various plate loads. 


flowing through the primary winding of T1. 
High frequency response is controlled by C2 
connected across the primary winding of 73. 

The octal based 6SN7 may be substituted for 
the 12AU7, and the 6SL7 may be substituted 
for-the: 12AX7. 


Fig. 14. Mobile Clipper-modulator circuit. 
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Mobile Conversion of the 
“Command” Transmitters 


td 


| 
The “Command” units (known variously as 
ATA, ARA, ARC-5 or SCR-274N equipment) 
make excellent mobile transmitters. They maj 
be modified for mobile work with little effort, 
or the transmitter may have a major desig 
overhaul, at the whim of the user. Various 
modifications of this popular equipment may 
be found on the mobile bands, from 160 meters 
to 6 meters. The following information is div. 
ided into two parts: (1) Conversion and mod- 
ernization of the basic equipment for 80- and 
40-meter operation, and (2) Conversion an 
modernization of the circuitry for 20, 15 an 
10-meter operation. 7 
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Parts List 


T1—UTC S20 modulation 
transformer 

T2—Microphone Trans- 
former. Triad A-5X 

L1 — ‘Splatter’? choke. 
Triad C-26X 

C1, C2, C3—Determined B+TO 
by data furnished with Weegee 
Li, or from Figure 13 

LPF2—“Splatter’’ filter. c3 
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The Basic “Command” Transmitter 


A type 1626 tube is used as a variable fre- 

juency oscillator, operating on the fundamental 
requency of the transmitter, exciting a pair of 
625 tetrode amplifier tubes which are con- 
ected in parallel. The variable oscillator and 
he power amplifier tuning are ganged for sim- 
ification of controls. Continuously variable 
nductive coupling between the power amplifier 
ank circuit and the antenna circuit is controlled 
yy the “Antenna Coupling” knob on the front 
yanel. The antenna circuit is resonated by a 
Ontinuously adjustable series inductor. 
A quartz crystal resonator is incorporated 
n each transmitter for use with a 1629 “magic 
ye” tube to check the accuracy of transmitter 
alibration at one frequency—the crystal does 
ot control the transmitter frequency. 


single wire antenna having reactance limits of 

O-uufd. or 4.5 microhenries, and a resistance 

yf not over 12 ohms. A basic functional dia- 

ram of the “Command” transmitters is given 
Figure 17. 


‘The Transmitters— 


Navy Army Frequency Xtal 

N Number Number Number Range Check 

'-18/ARC-5 52232 2.1-3.0 Mc. 2.5 Mc. 
-19/ARC-5S 52208 BC-696 3.0-4.0 Mc. 3.5 Mc. 
'-20/ARC-5 52209 BC-457 4.0-5.3 Mc. 4.6 Mc. 
-21/ARC-5 52210 BC-458 5.3-7.0 Mc. 6.2 Mc. 
7-22/ARC-5 52211 BC-459 7.0-9.1 Mc. 8.0 Mc. 
_These y-f-o transmitters are all similar 


hysically, only the tuning inductances and 
rystals are changed for each band. The JAN 
eries transmitters differ slightly from the Army 
nd Navy versions in that they have shunt feed 

the power amplifier stage and different power 
ceptacles that will not match the standard 
CR-274N racks. Because of the shunt fed cir- 
uit, the ARC-S transmitters may be plate 
aodulated at a potential of 700 volts or so, with 
o danger of flashover. A typical transmitter 
ircuit applicable to all models is shown in 
figure 18. A bottom view of a command trans- 
ditter with standard Armed Services nomen- 
lature is shown in Figure 19. 


Modernization and Conversion of the 
Transmitters for 80 and 40 Meters 


| For six-volt operation, all transmitter tubes 
aust be changed, and relays K-53 and K-54 
moved. The filament circuits must be changed 
Om series connection to parallel connection. 
ince the electron eye indicator is rarely used 
n amateur operation, it may be removed com- 
tel along with the calibrating crystal, thus 
implifying the conversion. The complete con- 
version, including TVI measures, calls for re- 
Nacement of all by-pass condensers, and the 
hortening of ground return leads. One of the 
vasic faults with the original transmitters is 
he faulty grounding and bypassing caused by 
ong ground leads and inductive condensers. 


1 


The transmitters are designed to operate with - 


While the conversion to six volts is being done, 
it is very little additional work to modernize the 
circuits, and clean up the TVI and parasitic 
problems. The revised schematic, applying to 
units intended to work in the 80 and 40 meter 
bands, is shown in Figure 20. The conversion 

Steps are: 

1—Remove the 1629 electron eye socket and 
the resistors mounted on it. Remove re- 
sistor R-7] mounted above the socket. Re- 
move the crystal calibrator socket and its 
associated resistors. Take out C-58 (see 
Figure 19) and all the small components 
beneath the chassis except the neutralizing 
condenser, C-62, and the C-59/R-72 com- 
bination in the oscillator grid circuit. Re- 
move J-64, the power plug on the rear of 
the chassis. (If the transmitter is going to 
be operated with a standard command rack 
this plug should be left on the chassis.) Re- 
move all wiring below the chassis except the 
solid, tinned leads from the oscillator socket 
to the oscillator coil, T-53, the solid wires 
in the control grid leads of the p-a. stage, 
and the wire from C-62 to T-53. 

2—Above the chassis, remove K-54 and its wir- 
ing. Remove the antenna terminal and re- 
place it with a coaxial fitting. (Amphenol 
&3-1R.) Connect the loading coil arm to the 
center pin of the coaxial fitting. 

3—A 6J5 tube can directly replace the 1626 
oscillator, and 807 tubes can replace the 
1625 tubes in the p-a stage. To do this, the 
sockets for the 1625 tubes must be modified 
from seven pin sockets to five pin sockets 
to fit the 807’s. This may be done as shown 
in Fig. 21, Pg. 113. Holes 2, 4 and 6 should 


TO MODULATED 
AMPLIFIER 
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Ci—1.0 ufd., 200v. TI—UTC #S-8, 
C2, C3, C4—0.001 class B driver 
ufd., ceramicon transformer 
Ri—1500 ohms, !/aw. 12-1 t oS; ; 
R2—500,000 ohms, '/2w. 15-watt modulation 
R3—47,000 ohms, '/ow. transformer 


Fig. 15. This very simple modulator using the 
12AX7 will deliver 7 watts of audio. It features 
a resting plate current of only 10 ma. 
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filed out with a small “rat tail” file to ac- The rotatable loading coil, L-52, is left in thi 
cept the 807 base pins. Before any filing is circuit to permit the use of the transmitter wit! 
done, the pin spring clips should be removed a wire antenna, but it should be set at zero fo 
and the contacts spread apart to prevent operation of the transmitter into a coaxial line 


damage to the clips during the filing opera- If it is found impossible to load the trans 
tion. These clips should be replaced when mitter to as high a value of plate current a 
the sockets have been modified. desired, the small rotating pickup coil, T-546 


4—Enlarge the rear power plug hole to 144” may be removed from the p-a tank assembl 
diameter, and mount an Amphenol 86-CP6 and rewound with more turns of wire. This wi 
six prong male plug in this hole. Before allow greater coupling between the transmitte 
the plug is mounted, short lengths of No. and the antenna. 
16 tinned wire should be soldered in each | 
pin, and condensers C4, C5, C6, C7 and - Testing and Alignment 
C14 (see Figure 20) connected to these 
wires. The condensers (and pin 6) are 
grounded to the socket mounting bolts. 
These condensers prevent spurious radia- 
tion thru the power leads and greatly reduce 
TVI problems. 

5—Cl1 is mounted on the 6J5 socket between 
pins;s and -1 Pint Tis grounded:;€ 2418 
mounted on pin 5 of T-53, counting from 
the rear pin towards the front of the trans- 
mitter. It is grounded to the soldering lug 
directly beside pin 6. C8 is connected to 
pin 4 of T-53 and grounded by a lug placed 
under the adjacent chassis screw. R2 and 
R3 may be mounted by a small insulated 
terminal strip placed on the side wall of the 
chassis in the space formerly occupied by pat anes ears 0 vole 0-50 
C-64, the old screen bypass condenser. Salina) adjustment, 2 ee 

6 63. C9, C10,-G11 and’ Cle “aresconnected should be connected between pins 5 and 6 ¢ 
directly to the pins of the 807 tube sockets. PI and the grid current of the 807 tubes mea 


The ground leads of these condensers should pe sae P a pha of the 6J 5 oscillate 
be soldered to the frame of padding con- should then be adjusted until a grid \curtent® 


. ; 8 ma. flows under operating conditions. TI 
denser C-67 directly below the socket pins. . 
It is very pa that these ooedetee plate voltage on the 6J5 will be abou sa 


leads should be short. 
7—C13 and RFCI are mounted just below the 


The transmitter wiring should be checkec 
Six volts should be applied to pins I and 6 ¢ 
PI and 200 volts d.c. to pin 2. The oscillate 
should be checked on a nearby receiver an 
C-60 reset, if necessary, for correct coverage ¢ 
80 or 40 meters. Plate and screen voltage 
should be applied to the 807 stage, and cor 
denser C-67 in the p-a stage re-resonated an 
locked. This adjustment should be made in th 
middle of the amateur band. The slug of 7-5 
may be adjusted if the two stages do not trac 
properly across the band. The transmitter ma 
now be connected to a suitable antenna an 
loaded up to an amplifier cathode current ¢ 
225 ma., as measured in JZ. Screen voltas 


: : — : : interst trans- 
insulated bushing thru which the B-plus Ci—1.0 nid., 200v ee ph ete | 
C2, C3, C4—0.001 pfd., rmer 

lead from T-54 passes. Note that both C/3 ceramicon _ T2—UTC #S-8, 

and C7 are special high voltage ceramicon — R\, R2—1000 ohms, ow. class B driver 

condensers. As a final step, a closed circuit R3—500,000-ohm transformer | 

jack, JZ is mounted in the lower left corner potentiometer | T3—UTC #S-18, 

of the front panel. Ti—Merit #A-2910 15-watt modulatior 
transformer | 
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i 
Fig. 16. For 15 watts of audio the 
circuit of Fig. 15 may be modified 
into a push-pull parallel amplifier. MIKE == 
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Fig. 17. Functional diagram of Command” transmitter. 


a when this adjustment is completed. The 
transmitter is now ready for installation in the 
par. 


30-Meter notes— 
_ Either the BC-696 (3.0-4.0 Mc.) or the BC- 
457 (4.0-5.3 Mc.) transmitter may be used for 
80-meter operation. The dial of the BC-696 is 
directly calibrated for the 80-meter band, but 
this advantage is outweighed by the high 
mus price of this unit. Actually, the BC-457 


is much better suited to 80-meter phone opera- 
tion than is the BC-696. The BC-457 will actu- 
ally cover the top 60 ke of the 80-meter phone 
band (3940-4000 kc) without any adjustment 
of the padding condensers. The L/C ratio of 
the BC-457 is also much more nearly correct 
or amplitude modulation of the p-a stage than 
is the BC-696. The BC-457 tunes the 80-meter 
phone band with almost 350 pyfd. of tank 
apacity, whereas the BC-696 tunes the same 
range with only about 150 pufd. of tank capa- 
city. Under heavy modulation, the BC-696 
tends to splatter badly, due to insufficient “fly- 
wheel” effect in the p-a tank circuit. 

The BC-457 may be easily shifted to cover 
the complete 80 meter phone band by increas- 
ing the capacity of C-67, the p-a padding con- 
denser, and C-60, the oscillator padding con- 
denser. The slug adjustments of the oscillator 
and p-a coils should not be changed, as this 
would alter the tracking of the transmitter. 


40-Meter notes— 
Bither the BC-459 (7.0-9.1 Mc.) or the BC- 


458 (5.3-7.0 Mc.) may be used for 40-meter 
operation. The L/C ratio in the p-a tank of 
either transmitter is satisfactory for phone 
operation. The conversion of the BC-459 is 
exactly the same as described for the BC-696 
on 80-meters (Figure 20). 

The BC-458 modification is the same as that 
of the BC-459, with the addition of retuning 
the tank circuits to make the transmitter tune 
the 7.0-7.3 Mc. range. 

The BC-458 oscillator can easily reach 7.3 
Mc. by decreasing the capacity of C-60, the 
oscillator padding condenser. However, this is 
a poor approach, since it degrades the high 
C/L ratio of the oscillator. It is best to remove 
the oscillator coil shield and remove 4 turns 
from the top end of the oscillator coil. Next, 
loosen the set screws holding the rotor shaft 
of C-60. Drill a %4” hole in the side of the 
shield can so that the shaft can be turned when 
the shield is replaced. Remove two plates from 
the rotor of C-63, the oscillator tuning con- 
denser. Flex the plates gently with a long-nosed 
pliers. If too much force is applied to the con- 
denser, the rotor will jump out of its bearings, 
and the minute ball bearings will fall out of the © 
joint. Remove two rotor plates in the same 
fashion from C-65, the p-a tuning condenser. 
Loosen the rotor lock on C-67, the p-a padding 
condenser. Finally, remove four turns from the 
top of the p-a coil, T-54A. 

Plate voltage should be applied to the 6J5 
oscillator, and C-60 and the slug of 7-53 ad- 
justed until 7.0 Mc. falls at 6.0 Mc. on the tun- 
ing dial, and 7.3 Mc. falls at 6.3 Mc. Thus the 
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calibration will be correct if 1.0 Mc. is mentally 
added to the dial reading. 

Plate and screen voltage should be applied to 
the p-a stage. The transmitter should be tuned 
to 7.2 Mc. and loaded to the antenna. The p-a 
padding condenser C-67 should be resonated 
for minimum plate current and then locked. 
C-65 should always be re-resonated whenever 
there is a major change in antenna loading or 
coupling. 


Transmitter Conversion for 
20, 15 and 10 Meters 


The conversion of the 4.0-5.3 Mc. trans- 
mitter for high frequency use is based upon 
retaining single dial control and the use of 
one doubler stage. 

The space left by the removal of the electron 
eye tube and the calibrating crystal’may be used 
for a 6AG7 doubler and a slug tuned coil. The 
basic circuit for 20, 15 and 10 meters is shown 
in Figure 22. 

The basic filament and socket modifications 
as described for the low frequency units should 
be completed. For 20 and 15 meters, the 6J5 
oscillator must work on the 7-Mc. band, using 
the existing dial calibration lines, with new 
figures. The main winding of the oscillator coil 
should be reduced to 12 turns, by removing 


Fig. 18. This is a typical wiring schematic of the 
274N series transmitters. 
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turns from the top of the coil. The oscillator 
tuning condenser, C-63, should have all but 
two rotor plates removed. One of the remaining 
plates should be the slotted one for tracking 
adjustment. 

At the oscillator coil terminals under the 
chassis, C-62 (the neutralizing condenser) 
should be removed and the bias return of the 
doubler stage moved from the center tap of 
the coil to the free end. 

An octal socket is placed in the crystal cali- 
brator socket hole. The electron eye socket hole 
is covered by a small metal plate. A National 
XR-5O slug tuned coil is mounted in the center 
of this plate with its slug adjustment above the 
chassis. This coil (L/) is wound with 10 turns 
of No. 24 enamelled wire, spaced to occupy 
the full winding length. Condenser C/6 con- 


C-58—0.05/0.05/0.05 K-54—S.p.d.t. 


pfd., 300v. 
C-59—175-185 pputd. 
C-60—air padder. 
C-6I1—0.006 yufd., 
mica. 
C-62—neutralizing 
condenser. 
C-63, C-65, C-67— 
220 wmufd. 
C-64—0.002 yufd., 
1000v. 
C-66—0.0! ufd., 
2500v., mica. 
C-68—3.0 wufd., 750 


p.p.m. 
K-53—D.p.s.t. relay, 
300-ohm coil. 


antenna relay, 
90-ohm coil. 
R-67, R-75—51,000 
ohms. 
R-68, R-76—20 ohms. 
R-69—1.0 megohm. 
R-70—1000 to 1500 
ohms. 
R-71—126 ohms, 7w. 
R-73—5100 to 15000. 
ohms. | 
R-74—-15,000 ohms. 
R-77—390 ohms. 
R-78—51 ohms. 
RL-50, RL-5!—parasitic 
suppressors on 51-ohm 
resistors. 


The “Command” transmitter and receiver, suit- 
ably modified, make a neat and compact under- 
dash mobile installation. 


: 
: 


aects to the “hot” end of L/ and is supported 
on its free end by a small ceramic standoff 
nsulator. C/9 and C/8 mount directly on the 
SAG7 socket. C20 connects between the “cold” 
snd of L/ and the coil mounting lug. RFC2 
und the bias resistors mount on the side of the 
shassis, just about where K-53 was located. 

_ The p-a plate coil, T-54, is rewound with its 
WN wire, using 512 turns, double spacing them 
n the existing grooves. Remove all but two 
otor plates from both the p-a tuning condenser, 
/-65, and the p-a loading condenser, C-67, 
[he rotary antenna loading coil may be left 
n the circuit, but should be set at zero for 
coaxial feed. 


ig. 19. Bottom view of a 
ypical Command type war 
urplus transmitter showing 
1e location of some of the 
nportant components. 


Power should be applied to the oscillator 
and doubler. C-60 should be adjusted until the 
oscillator covers 7.0-7.2 Mc. The slotted plate 
in C-63 may be adjusted until the range tracks 
with the dial markings, 14 Mc. falling at 4.0 
on the dial, and 14.4 Mc. falling at 4.4 on the 
dial. Thus each dial division is equal to 5 kc at 
20 meters. 

Apply 250 volts to the screens of the 807’s 
and the chosen value of plate voltage. Reson- 
ate the p-a tank circuit to 14 Mc. by tuning the 
padding condenser, C-67, under the chassis. 
Some slight adjustment of the p.a. slug in T-54 
may be necessary for perfect tracking. Peak the 
6AG7 plate coil and replace the top and bot- 
tom shield plates. 

For 15 meters, the 6AG7 stage operates as 
a tripler from 7-Mc. The coil, L/ has 7 turns 
of No. 24 enam. wire spaced to occupy the 
winding length. For this band the ganged con- 

enser, C-65, in the p-a stage is not used. All 
p-a tuning is done by C-67, the padding con- 
denser. As in the case of 20 meters, C-63 and 
C-67 are reduced to two plates. C-67 may be 
adjusted by a screwdriver thru the side of the 
case, Or an extension shaft and knob may be 
placed on it. The p-a coil, 7-54, is rewound to 
4 turns, double-spaced located near the center 
of the coil form for best coupling to the vari- 
able link inside the ceramic form. 

For 10 meters, the 6J5 oscillator is brought 
to 14 Mc., and the 6AG7 operates as a doubler 
to 28 Mc. The stability of the oscillator is still 
very good at this high frequency. 

These modifications are made as for 20 
meters: The doubler coil consists of 5 turns of 
No. 24 enam. wire on the XR-50 form. The 
oscillator coil, 7-53 is modified as follows: Re- 
move turns from the top of the coil, leaving 
1 2/3 turns above the cathode tap. Remove 
turns from below the cathode tap, leaving only 
4 turns below the tap. Be careful not to damage 
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Fig. 20. Transmitter modification to either 20 or 
40 meters. Step-by-step details appear on page 
107. All components without a parts value are 
the same as shown in Fig. 18. 
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the filament winding interwound with the grid 
coil. Remove 4 turns from the bottom of the 
filament winding. This should be done by cut- 
ting a turn, removing turns, then splicing the 
wires together again. Remove all but 3 rotor 
plates from the oscillator tuning condenser, 
C-63, and all but 7 rotor plates from the oscil- 
lator padding condenser, C-60. 

The plate coil, 7-54, must be removed for 
10 meter operation. A new coil, consisting of 
5 turns of No. 12 enamelled wire, 1” long and 
1” diameter is wound on a Millen 45000 coil 
form, which is bolted to the chassis in front of 
the 807’s, in approximately the location of the 
old coil. 

The ganged p-a tuning condenser, C-65, is 
unused. The padding condenser, C-67, is cut 
down to 5 rotor and 6 stator plates and used as 
the tuning condenser for the new coil. Its shaft 
may be extended thru the side of the case, if 
desired, or it may be screwdriver tuned and 
locked. The small parasitic suppressors should 
be removed from the old coil and reused in 
the 807 plate leads. 

An antenna link should be wound consisting 
of 3 turns of No. 12 enamelled wire, 114” di- 
ameter and should be mounted on standoff in- 
sulator to slip over the plate coil. Once adjusted 
for proper loading, it may be fixed in position 
and left alone. For ease of loading, a 100 ppfd. 
variable condenser should be placed in series 
with the antenna coil. 

Apply plate voltage to the oscillator and 
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Cl, €2, C3, C4, C5, 


R3—50 ohms, '/ow. 


Cé, C7, C8, C9, C10, JI—jack, closed circa 


Cll, C12, C15—0.001 ICA 1871. 
ptd., ceramicon, J2—coaxial connecter, 
Erie 801-001. Amphenol 83-IR.° 

4 


Pi—socket, AMIE em 

~86-CPE, 

RFCI—-? 5 mh, Notiodl Q 
al R-100U. 


C13, C14—0.00k  pufd., 

ceramicon, 2000wv. 
R!—1000 ohms, !/ow. 
R2—11,000 ohms, 2w. 


doubler and adjust the oscillator to 14.5 Mc. by 
listening on the station receiver. The doubler 
should be then tuned to 29 Mc. It is simpler in 
this case to disregard dial markings, and recali- 
brate the whole dial once the oscillator has been 
adjusted. Apply plate and screen voltage to the 
807’s and tune the p-a tank to resonance. Re- 
place the top and bottom shields, peak up the 
doubler, check the oscillator frequency and 
calibrate the dial from 28.0 Mc. to 29.7 Mc. 
The conversion, is now complete. 


The Modulator 


The command transmitters described abova 
will perform in an excellent manner with a 
plate supply of 500 to 600 volts. Using a sur- 
plus PE-103A dynamotor, they are capable of 
an input of 60 watts to the final amplifier, with 
100% modulation. From a fixed location using 
a plate supply of 600 volts at 200 ma., they 
are capable of 100 to 120 watts input. 

The modulator described here will fully 
modulate up to 120 watts input to the transmit- 
ter. At the same time, it is economical for use 
with inputs as low as 30 or 40 watts, since the 
static plate current is lower than that of a 
single 6N7 tube, and only about one third the 
static plate current of a pair of Class ABI 
6L6’s. { 

The modulator employs a pair of triode cong 
nected zero-bias 807 tubes, driven by a push 
pull 6SN7 cathode follower (Figure 24). The 
screens and grids of the 807’s are connected 


03 o Qo 
02 65 2 02 40 
47 ¢ 4 ha 45 
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Fig. 21. The 1625 sockets must be modified for 
use with 807° tubes. This is done by filing holes 
to sockets terminals 2, 4 and 6 so that they will 
accept the 807 pins. 


together thru a 22,000 ohm resistor and the 
drive is applied to the screen grids of the tubes. 
The static plate current is of the order of 8 ma. 
with this connection, but the cathode coupled 
driver supplies a positive grid bias of- 10 volts 
to the 807’s which raises the static plate cur- 
rent to 30 mills. This will increase to 80 to 150 
ma. with tone modulation depending upon the 
amount of audio required. On voice, the aver- 
age plate current peaks as read on the plate 
meter will run about 120 ma. for full output. 
The necessary low impedance driving stage 
is supplied by the 6SN7 cathode follower. The 
total plate current required by the two driver 
tubes is less than 10 ma. at 250 volts. This may 
be obtained from a dropping resistor from the 
high voltage supply, or perhaps from the re- 
ceiver plate supply, which may be switched 


from the receiver to the modulator during 


transmissions. ; 

The plate to plate load of the modulator 
should be about 12,000 ohms, although the 
modulator will work well with plate loads as 


Fig. 22. To modify the Command transmitter to 
operate on 20 meters and below an extra 
doubler stage is required. 


low as 4000 ohms. No change in plate . _ 
pedance or bias is necessary with operating 
plate voltages in the region of 150 to 600 volts. 

The entire modulator may be built on a 
stripped down SCR-274N chassis. The 1625 
sockets may be modified to take 807 tubes, and 
the speech amplifier tubes may be mounted in 
the socket holes at the rear of the chassis. 
may be mounted beneath the VFO shield can. 
Figure 23 shows the modulator mounted in a 
command rack with a modified transmitter, and 
Figure 25 illustrates the placement of parts 
within the modulator unit. 

‘A patch plate covers the top portion of the 
front panel, and mounts a 0-300 ma. meter 
which may be switched to read either modula- 
tor plate current or the final plate and ‘screen 
current of the transmitter. 

The gain control, R6, is mounted near the 
rear sockets on a small bracket and is provided 
with an extension shaft to make it accessible 
from the front panel. A “Filament” and a 
“Transmit” pilot lamp may be mounted above 
the meter, if desired. 


Control Circuits 


A typical control circuit for use of this 
modulator, with a “Command” transmitter and 
a PE-103A dynamotor is shown in Figure 25. 
This circuit may easily be modified for use with 
other power supplies, if desired, by removal 
and substitution of the PE-103A power plug, 
as shown. 


Ci5, CI7, C18, Cl9, 

C20—0.00!1 ufd., 
ceramicon, Erie 
801-001. . 

C16—0.000! pfd., 


ceramicon. 


Li—at 14 Mc., 10 turns 


#24 enam., '/-inch 
long on. XR-50. 


807 


at 21 Mc., 7 turns 

#24 enam., '/2-inch 

long on XR50. 

at 28 Mc., 5 turns 

#24 enam., |/2-inch 

long on XR-50. 
R4—68;,000 ohms, '/ow. 
R5—15,000 ohms, !w. 
RFC2—2.5 mh., Na- 
tional R-100. 


tik 
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Fig. 23. Modulator for “Command” transmitter 
may be built into stripped transmitter chassis 
and mounted in double rack as companion unit 
to transmitter. 


the “Command-phone” 


A unique modification of a “Command” 
transmitter is shown in Figures 26, 27 and 28. 
Designed and built by William Buffinger, 
WO6BRH, this modified 274N transmitter incor- 
porates the modulator and speech amplifier 
on the r-f chassis, providing a complete 50- 
watt phone transmitter that may be used for 
mobile or fixed operation on either the 80 
or 40 meter phone band. 

As shown in the schematic (Figure 27), the 
transmitter may be employed on either a 6- or 
12-volt primary source by the proper choice 
of tubes in the r-f section. For 12-volt opera- 
tion, a 1626 is used as the v.f.o., and a 1625 
as the class C amplifier. For 6-volt operation, a 
6J5 is used as the v.f.o. tube, and an 807 as 
the class C amplifier. When the 807 tube is 
used, the tube socket for it must be modified 
as shown previously in Figure 21. 

The same tubes are used in the audio section 
of the transmitter for either 6- or 12-volt op- 
eration, the filament connections merely being 
altered as shown in Figure 27. For 6-volt opera- 
tion, the filaments of the two 6SN7 tubes are 
connected in parallel, and the two 5881 modu- 
lator tube filaments are also connected in 
parallel. For 12-volt operation, the 6SN7 tube 
filaments are connected so that the filaments 
of each tube are in series, and the filaments of 
the two 5881 tubes are connected in series. 

Room for the complete audio section of this 
transmitter is obtained by removing the “magic 
eye” tube, the crystal calibrator, and one of the 
two parallel connected 1625 tube sockets. The 
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two 6SN7 tubes are placed in the “magic eye” — 
and crystal calibrator sockets, and the modu- 
lation transformer, 74, is mounted over the 
hole left by the removal of the 1625 tube 
socket assembly. The original plate tank coil 
is removed, along with the antenna loading 
coil to make room for the two 5881 modulator 
tubes and the plate current meter of the 807 
stage. The loading coil is rewound to form a 
new plate coil for the 807 tube, and mounted 
as shown in Figure 26. 

The transmitter is designed to work from a 
PE-103A, a modified PE-104A dynamotor or 
a dual voltage vibrator supply. Total plate cur- 
rent drain under 100% modulation is approxi- 
mately 250 milliamperes at 500 volts. Power 
input to the 807 is 50 watts. At a reduced volt- 
age of 300 volts the transmitter is capable of 
20 watts input, and total plate current drain 
under 100% modulation is approximately 200 
ma. 7 YS , 

The Circuit 

A complete schematic for the modification 
is Shown in Figure 27. For 80-meter operation, 
either a BC-696 or a,.BC-457 (or the JAN or 
Navy equivalent*units) may be used. For 40 
meters, a BC-459 or a BC-458 (or the JAN or 
Navy equivalent) may be used. The modifica- 
tions to these transmitters that are necessary to 
make them tune the proper frequency have 
been discussed earlier in this chapter. 

The neutralizing circuit of the original trans- 
mitter is not needed, and the oscillator coil, 
T53, is modified to permit full excitation to be 
applied to the 807 stage. The center-tap of the 
coil is disconnected from the bias circuit, and 
the neutralizing condenser, C62, is discon- 
nected from the coil. The grid bias network 
is then connected to the coil tap that previously 
was connected to C62. ; 

A pi-network output circuit is used in place 
of the link coupling arrangement in the original 
transmitter circuit. C65, (the tuning condenser 
nearest the front of the chassis in Figure 19) is 
used as the plate tuning control, and C67, (the 
condenser immediately behind C65) is used as 
the antenna loading control. Additional fixed 
capacity (Cl) may be paralleled across C67 to 
allow proper loading of the transmitter when 
low impedance antennas are employed. This 
extra capacity may be a 1250 volt mica con- 
denser of the correct value. Such a condenser 
is shown mounted directly behind the antenna 
changeover relay in Figure 26. : 

The modulator is patterned after the triode 
connected 807 modulator of Figure 2. It is - 
necessary to employ the stubby 5881 tubes since 
taller tubes, such as the 807 or 6L6 will not fit 
in the space allotted to the modulator tubes. 
These tubes cannot be mounted in sockets that 
sit flush with the deck, since the below-deck 
space is taken by condensers C65 and C67. It 
is therefore necessary to bend a small chassis 
from a piece of aluminum that will mount the 


a 
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modulator tube sockets above the chassis of 
the transmitter. Enough space must be left 
between the small chassis and the transmitter 
deck to allow clearance for the modulator 
socket pins. The 5881 tubes fit nicely into the 
rather cramped vertical headroom that is left 
between the auxiliary chassis and the top of 
the transmitter cabinet. For all practical pur- 
poses, the 5881 tubes may be considered to 
be electrical equivalents of 6L6-G tubes. 

The normal negative bias requirements of 
modulator stages of medium power capabilities 
may be eliminated if the tetrode tubes are con- 
nected as zero bias triodes, with the audio sig- 
nal fed directly to the screens of the modulator 
tubes. For proper linearity, series resistors are 
inserted in the grid leads to the tubes to pro- 
vide the proper ratio of exciting voltage to the 
two grids. 

A single double triode tube such as a 6SN7 
may be used as a cathode coupled driver stage, 
providing ample excitation while yet allowing 
the use of a low impedance driving source for 
the modulator grid circuit. This cathode 
coupled driver stage is degenerative in that it 
‘requires a considerable amount of grid driv- 
ing voltage for proper operation. Two stages 
of transformer coupled speech amplification 
will provide sufficient excitation when the usual 

high level carbon microphone is employed. The 
actual modulation level is set by the gain con- 
‘trol, RJ, in the grid circuit of the second half 
of the 6SN7 speech amplifier. 
: A three circuit microphone jack, J/, is pro- 
vided for “push-to-talk” operation of the trans- 
-mitter. When the microphone button is pushed, 
the control line is grounded, energizing the 
antenna relay in the transmitter, and the power 
supply relay that is used to put the equipment 
on the air. 


The first step is to remove the unused com- 
ponents from the transmitter chassis. The shell- 
type socket for the unused 1625 may be re- 
‘moved by turning up the exposed edge with 
the aid of a screwdriver or cold chisel. The 
shell is soft aluminum, and the edge may 
easily be bent to facilitate removal. 

The aluminum plate holding the 5881 tube 
sockets may be observed in Figure .26. It is 
4142” long, and 2” wide. The tube sockets are 
mounted on this plate, which is elevated above 
the transmitter chassis one inch. The placement 
of the tubes on this plate is dictated by the 
depth of the panel meter. The tubes should be 
: mounted as close to the meter studs as is prac- 
tical. A space of about 3” by 234” is available 
for the modulation transformer. A Stancor 
A-3845 25-watt modulation transformer will 
fit into this space. Doubtless other transform- 
ers of the same audio level rating will work 
equally well. 

_ The microphone transformer, 7/, used in 
this particular transmitter is a surplus unit, 


. Transmitter Assembly 


and is equivalent to the Triad type JO-I unit. 
This transformer is mounted to the side wall 
of the transmitter chassis, directly “above” the 
6SN7 audio amplifier tube socket. On the 
opposite side of the chassis are mounted the 
audio gain control, R/, and the three circuit 
microphone jack J/. These two units project - 
out the side of the chassis, as seen in Fig- 
ure 28. Directly behind J/ is the interstage 
audio transformer, 72, mounted to the rear 
wall of the chassis, directly “above” the power 
receptacle. The driver transformer, T3, is 
mounted below the chassis in the space vacated 
by the 1625 tube socket. (This transformer 
was removed for the photo of Figure 28). | 

The shaft of C67 is lengthened by means of 
a shaft coupler (Bud S-1052) and may be con- 
trolled by a knob from the side of the trans- 
mitter. The large gear of C65 is removed, and 
the shaft of this condenser is lengthened in 
the same manner as that of C67. The main 
tuning dial of the transmitter now tunes only 
the v.f.o., and the amplifier resonance setting 
is now controlled from the side of the trans- 
mitter by means of C65. Placement of all the 
side controls may be seen in Figure 28. 

The plate circuit of the 807 stage is shunt- 
fed via a 242 mh. r-f choke (National R-100), 
and a .0O1 pufd. ceramic 2000-volt condenser 
is used as a plate blocking unit to remove the 
d-c voltage from the pi-network components. 
The r-f choke is fastened between one unused 
pin on the 1625 socket and a ceramic feed- 
through insulator leading to the top of the 
chassis. The plate blocking condenser is 
mounted between this feedthrough insulator 
and one terminal of the pi-network coil, LJ. 

This plate coil is made from L52, the old 
antenna loading coil. This particular transmit- 
ter was made from a BC-696 which employed 


The modulator of Figure 24 built into the case 
of a “Command” transmitter. 
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Fig. 24. Mobile modulator for “Command” transmitter. 


a loading coil marked 6033. 12 turns were re- 
moved from this coil, along with the metal 
axles at each end. The coil was then mounted 
in a vertical position on the chassis by means 
of two mounting feet removed from the old 
tank coil. The end of the coil nearest the 
chassis is the “hot” end that is attached to the 
vlate blocking condenser. 

The BC-457 transmitter employs a loading 
coil marked 6034. This coil has less inductance 
than the coil of the BC-696. It will be necessary 
to resonate the pi-network circuit after com- 
pletion of the transmitter to determine how 
many turns (if any) must be removed from this 
coil to obtain resonance of the plate circuit in 
the 80-meter band. 

An Advance Electric Co. ceramic insulated 
type K-/604 relay is mounted to the rear of 
the front panel of the transmitter to serve as 
an antenna change-over relay., The relay may 
be obtained with either a 6-volt coil, or a 12- 
volt coil as required. Above the relay, two 
terminals are mounted to serve as the antenna 
and ground connections for the transmitter. 
Connection to the antenna circuit of the mobile 
receiver is made via a short length of RG- 
59/U coaxial line that is brought out the 
side of the transmitter near the change-over 
relay. This line is terminated in an auto-type 
plug that matches the input jack of the con- 
verter. : 


Transmitter Operation 


As a first step, the 1626/6J5 oscillator tube 
should be inserted in its socket, and the v.f.o. 
should be aligned and calibrated. The 807/ 1625 
tube may be inserted in its socket, and the grid 
current should be measured before plate or 
screen voltage are applied to the tube. This 
current should be 4 ma. The plate dropping 
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resistor in the plate lead of the oscillator may 
be varied in value to obtain the correct amount 
of grid current in the p-a stage. The plate 
voltage may now be applied to the 807 stage, 
which is then loaded to a suitable antenna. 
When a loaded resonant whip is used, the value 
of the condenser shunting C67 will be of the 
order of .001 yufd. or more. 

The four audio tubes may now be inserted 
in their respective sockets. Under 100% modu- 
lation, the plate current of the 5881 tubes will 
increase to approximately 100 ma. as measured 
by a meter temporarily placed in the B-plus 
lead to the center-tap of the modulation trans- 
former. 


Transmitter Power Supply — 


If a power supply is to be purchased to run 
the transmitter, the new Cornell-Dubilier 
“Powercon” vibrator supply is ideal. This com- 
pact unit supplies 500 volts d-c at a current of 
225 ma., and 250 volts d-c at 225 ma., and 
operates from either a 6- or a 12-volt primary 
source. Since both output voltages are delivered 
simultaneously, the 250 volt output may be em- 
ployed to power the v.f.o. and the speech 
stages, while the 500 volt output is used to 
power the modulator and the 807 p-a stage. 

Other acceptable power supplies are the 
PE-103A and PE-104A dynamotors. If these 
are used, a voltage dropping resistor must be 
employed to drop the -high voltage output of 
the dynamotor to 250 volts for the low power ° 
stages of the transmitter. 

A highly satisfactory vibrator supply that is 
well suited for use with this transmitter is the 
new James C-1050 mobile power pack. This 
unit will supply various voltages in the range 
of 150 to 500, at a current rating of 200 ma. 
The supply may be obtained in kit form, for 
greatest economy. 


~ 


The vibrator supplies are recommended over 
the dynamotor supply since no dropping re- 
sistors are required, and the higher efficiency 
of the vibrator supply imposes less drain: upon 
the automobile power system. . 


the Simplex-28 


During the next few years, the ionization 
of the various reflecting layers above the sur- 
face of the earth will be heavy enough to sup- 
port communication over great distances on the 
10-meter band. Most of the amateurs licensed 
in the last decade have had little experience 
with mobile operation when the 10-meter band 
is “hot”. Tremendous distances may be covered 
using simple mobile equipment and an eight- 
foot whip antenna. No auxiliary loading coils 
are needed to resonate the usual eight foot 
whip in the 10-meter band, and the complete 
mobile installation may be light, compact and 
- inexpensive. 

For the beginner who desires to get the most 
for his money, a simple transmitter capable 
of working from either a 300 volt, 100 ma. 
vibrator supply, or perhaps a 300 volt, 150 
ma. dynamotor is the best answer to the prob- 
lem of inexpensive 10 meter mobile equip- 
ment. The transmitter should be fool-proof, 
easy to assemble without the need of special 
tools, and should use inexpensive components 
operating well within their maximum safe 
ratings. 
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Fig. 25. Control circuit for “Command” transmitter } 
for use with PE-103A dynamotor. 
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Fig. 26. The “Command-Phone.” This modified 
Command transmitter incorporates a class-AB 
modulator and delivers a fully modulated 30- 
watt carrier. Both r-f and audio sections are 
mounted on the one chassis. 


Illustrated in Figures 29, 30 and 3/ is the 
Simplex-28 transmitter, designed to meet these 
requirements. It is small in size, yet not small 
enough to make its assembly a difficult pro- 
cedure. It is capable of a maximum power in- 
put of about 20 watts, but will operate effi- 
ciently at inputs as low as 10 watts. It may be 
used with either a vibrator-type power supply 
or a dynamotor. Since the transmitter is de- ~ 
signed for one band operation, expensive coil 
switching arrangements may be eliminated. By 
proper design, the harmonic content of the 
transmitter is kept to a satisfactory minimum, 
allowing operation of the mobile equipment 
in areas of low TV field strength. 


The Circuit 


The schematic of the Simplex-28 is shown in 
Figure 29. A 6AG7 high-conductance pentode 
is used in a modified “tri-tet” oscillator circuit. 
The cathode circuit of the oscillator is tuned 
to approximately 10.5-Mc. for proper opera- 
tion of the transmitter with a 7-Mc. crystal. 
The L/C ratio of the cathode tank is chosen 
for maximum harmonic output consistent with — 
minimum crystal current. The plate circuit of 
the .6AG7 stage is tuned to 28-Mc. by means 


_ of a slug-tuned coil, L/. This coil is resonated 


to the 28-Mc. band by the residual input and 
output capacities of the 6AG7 and 2E26 tubes. 
The oscillator delivers sufficient output at a 
plate potential of 300 volts to drive a pair of 
2E26 tubes in parallel at 28-Mc. 

The harmonic oscillator is capacitively 
coupled to a single 2E26 tube operating as a 
class C amplifier on the 10-meter band. The 
plate circuit of the amplifier stage employs a 
pi-section network, matching the relatively 
high impedance of the plate circuit of the 2E26 
tube to either a 50 or 72 ohm coaxial trans- 
mission line.: A simple single section harmonic 
filter is placed after the. pi-network to provide 
some degree of attenuation to the higher har- 


-monics of the transmitter. 


A “tune-transmit” switch is placed in the 
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Fig. 27. Schematic of ‘‘Command-Phone” transmitter. 


C1i—A uxiliary loading 
condenser. Capacity 
determined by test. 
Use 1250 volt mica 
unit 

SO1—8 prong octal plug 

Note—All bypass conden- 
sers are ceramic units 


similar to Centralab 
type DD. 


R1—500,000 ohm _ poten- 
tentiometer. Linear ta- 


per 
T1—Miniature 


phone transformer. 


10,000 ohm. primary to 
micro- 5000 ohm secondary 


RY1—DPDT ceramic in- 


Peis ay iateti trans- sulated relay, Mats ts 
Peeve 1:3 ee volt coil. Advance 
Triad A-31X Electric Co. type K- 

T3—Interstage tasers 1604 
former, heavy duty. PC—Parasitic choke. 50 
Triad A-33X peat ohm 2 watt composi- 

T4—25 watt modulation tion. resistor wound 
transformer. Stancor with 5 turns #22e. 
A-3845 wire 
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Fig. 28. Under chassis view of ““Command-Phone.” 
Antenna loading and p-a tuning controls are 
visible at the upper left of the chassis. Micro- 
phone jack and audio gain controls are at upper 
right. Transformers TI] and T2 are mounted 
behind the oscillator tuning condenser, C60. 


screen circuit of ‘the 2F26 stage. at the “tune” 
position, screen voltage is removed from the 
amplifier tube, allowing adjustments to be made 
to the 6AG7 stage without fear of damage to 
the 2E26. In the “transmit” position, full 
screen voltage is applied to the 2E26. The 
cathode current of the amplifier stage may 
be measured by means of a 100 ma. meter 
plugged into the cathode jack, J/, of the 2E26. 

The modulator stage employs a single 
6V6-GT, operating in extended class A condi- 
tion. A high gain microphone transformer 
couples the output of a carbon microphone 
into the control grid of the 6V6-GT. Voltage 
for microphone operation is taken from a tap 
on the cathode bias resistor of the modulator 
tube. The 6V6-GT modulator is coupled to 
the. 2E26 amplifier stage by means of a Triad 
M-4Z modulation reactor. A step-up in im- 


pedance is obtained: between fee two stages, 
allowing 100% modulation of the 2E26 al- 
though it is operated at the same plate poten- 
tial as is the 6V6-GT modulator. Since the in- 
stantaneous plate voltage of the modulator 
never swings to zero, it is practically impossible 
to cause negative peak clipping of the 2E26 
stage. As a result, the modulation of the trans- 
mitter is clean and sharp, and unusually free of 
the sideband “splatter” that so often accom- 
panies mobile transmitters. 

When the transmitter is operated at a plate 
potential of 300 volts, a measured 6 watts of 
sine wave audio may be obtained from the 
modulator. Under voice waveform conditions, 
with tolerable distortion, the 6V6-GT is cap- 
able of 90% modulation of’ inputs to the 2E26 
of 20 watts or so. This is entirely sufficient for 
acceptable mobile work, as the actual opera- 
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Fig. 29. Schematic of the Simplex-28. % 4 7 k 
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Fig. 30. The Simplex-28 transmitter. Running 15 
watts input, this inexpensive 28-Mc. phone trans- 
mitter may be powered from a 100 ma vibrator- 
type power supply. Only 3 tubes are needed in 
this sure-fire circuit. TV] suppression measures are 
included in the transmitter. 


tion of the transmitter has proved many times. 

The transmitter is designed to work with 
an auxiliary control unit, such as shown in 
Figure 32. The microphone jack is incorporated 
in the control unit, so the microphone wires 
are brought out through the transmitter control 
plug, SO-1. The control lead for the antenna 
changeover relay is also brought out through 
SO-1. 


Transmitter Assembly 


The above-chassis parts layout of the trans- 
mitter may be seen in Figure 30. A 8” x 6” x2” 


aluminum chassis is used. The 6AG7 oscillator _ 


tube is mounted in the left front corner of the 
chassis, with the crystal holder directly behind 
the tube. At the rear of the crystal holder is the 
microphone transformer, 7/. To the right of 
Tl is the socket for the 6V6-GT modulator. 
This socket is oriented so that the “key” of the 
tube faces the front of the transmitter. To the 
right of the 6V6-GT is the modulator reactor, 
T2. The leads to both T/ and 72 pass through 
the chassis in 4%” rubber grommets. 

To the right of the 6AG7 oscillator tube 
socket is mounted the oscillator plate coil, L/. 
The 6AG7 socket is positioned so that pin £1 is 
adjacent to coil L/. To the right of Li is 
mounted the socket for the 2E26 tube. This 
socket is positioned so that pins # 4 and 5 are 
adjacent to L/. The spacing between these two 
tube sockets is 344”. LJ is mounted half-way 
between the two sockets. 

To the front and side of the 2E26 socket is 
mounted S/, the “tune-transmit” switch. To the 
right of the 2E26 socket are mounted the two 
tuning condensers for the pi-network. The input 
resonating condenser, CJ, is mounted adjacent 
to the 2E26, and the output loading condenser, 
be. 18 mounted at the right of CJ. In this par- 
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ular transmitter, CJ is a Bud LC-1 642 which ‘ 


has an aluminum mounting foot. C2 is a Bud 


LC-2018 midget screwdriver-adjustment type 
condenser which reauires some kind of mount-' 
ing attachment. It would be better to use a Bud © 


LC-1646 for C2, as this unit has a mounting 


bracket similar to C/. Since the rotors of these - 


condensers are “floating”, it is necessary to 

ground each rotor connection of CZ and C2 

directly to the chassis of the transmitter. 
Behind the 2E26 tube is the plate r-f choke 


(National R-100U) and the antenna changeover 


relay (Advance type K-1604). The leads to the 
changeover relay pass through %4” rubber 
grommets mounted in the aluminum chassis. 

On the front lip of the chassis are mounted 
the closed-circuit cathode jack, J/, and the 
coaxial receptacle for the antenna. The coaxial 
receptacle for the receiver is mounted on the 
side of the chassis, directly below the antenna 
relay. 


The placement of parts below the chassis 


may be seen in Figure 31. The cathode circuit 


is mounted between one prong of the crystal — 


socket and pin #/' (ground) of the 6AG7 tube. 
The two cathode resistors and electrolytic con- 


densers making up the bias circuit of the ~ 


6V6-GT tube are mounted on phenolic tie 


point strips adjacent to the modulator tube ~ 


socket. The 500 pyfd. ceramic plate bypass 
condenser in the 2E26 B-plus lead is mounted 
on a two point phenolic tie strip adjacent to 


the rubber grommet that conducts the lead — 


from the plate r-f choke above the oe to 
the modulation reactor, 72. 


Transmitter Wiring 


1—After all main components are mounted to — 


the chassis, 


certain pins of each tube — 


socket should be grounded. Pins I and 7 ~ 


of the 6AG7 socket should be grounded, 
as well as pins 7 and 8 of the 2E26 socket, 
and pins I and 2 of the 6V6-GT socket. 
Pin 2 of the 6AG7 socket and the 2E26 
socket should be bypassed to ground by a 
.OO1 ceramic disc-type condenser. The 


above connections are for 6-volt operation 


of the filaments. 

2—For 12-volt filament operation, pins 7 and 
8 of the 2E26 are grounded, as well as 
pin 2 of the modulator socket. A 12V6-GT 
is used in the modulator stage instead of 
the 6-volt version. The 6AG7 and 2E26 
are connected in series as shown in Figure 
29. Pin I of the 6AG7 is grounded, and 
pin 7 of this tube socket connects to pin 2 


of the 2E26 socket. The 12-volt filament 


line connects to pin 2 of the 2E26; and 
a 40 ohm, 1-watt resistor is connected be- 
tween pins 2 and 7 of the 6AG7 socket. 


This resistor equalizes the current drawn — 
by the two tubes. Pin 2 of the 6AG7 socket — 


and pin 2 of the 2E26 socket are bypassed 
to ground by .001 ceramic condensers. 
3—-After the filament connections are finished, 


q 
E 


the screen and cathode bypass condensers 
are connected to the respective socket pins. 
On the 6AG7 socket, a .01 yufd. ceramic 
condenser is connected between pin 6 
(screen) and ground (pin 1). The 2E26 
tube has three cathode terminals (pins /, 4, 
and 6). Each of these pins is bypassed to 
ground by means of a .001 ufd. ceramic 
condenser connected between the respective 
pin and the nearest grounding “ear” on the 
tube socket. The condenser leads should be 
cut as short as possible. The amplifier 
screen bypass condenser connects directly 
between pin 3 and pin 4 on the 2E26 
socket. The 100 ohm screen resistor is 
placed between pin 3 of the 2E26 socket 
and one terminal of SJ. The 500 wpfd. 
screen bypass condenser is placed between 
the arm of SJ and pin 7 (ground) of the 
2E26. 


4__The 70K grid resistor of the oscillator tube 


is placed across the pins of the crystal 
socket. The .001 pfd. ceramic condenser 
at the “cold” end of LJ is connected be- 
tween the lower terminal of the form and 
the grounding lug of the form. The screen 
resistor of the oscillator is connected from 
pin 6 of the tube socket to the lower ter- 
minal of L/. 


5—_The cathode tank of the oscillator is made 


of 7 turns of B&W Miniductor or Air 
Dux 816T. (1” diameter, %2” long, #16 
wire). A 150 pufd. silver mica condenser is 
connected across the ends of the coil, which 
is placed between one pin of the crystal 
socket and a grounding “ear” of the 6AG7 
socket. Be sure that the crystal socket pin 
to which the cathode tank is attached is the 
one connected to pin 5 of the 6AG7 tube 
socket. 


Fig. 31. Under-chassis view of the 
Simplex-28 The fixed tuned cathode 
coil of the 6AG7 oscillator stage is 
visible in the upper left corner of 
the chassis. The 6V6 modulator 
socket is at the bottom of the 
photo, next to the power plug. 


6—The screen resistor of the 2E26 tube is 


made up of two 22K, 2-watt resistors in 
parallel. They are connected between the 
terminal of S/ and the phenolic terminal 
strip holding the 500 pufd. plate circuit by- 
pass condenser. 


7—Atop the chassis, the .001 ufd. 1000-volt 


ceramic condenser coupling the 2E26 plate 
to the tuning condenser, C/, is attached to 
the plate cap of the tube and the stator 
arm of Cl. The plate coil, L2, is attached 
es the stator connections of CJ and 


8—-The two midget tuned circuits that make up 


the TV filter are mounted on one stator 
terminal of C2. The parallel tuned trap is 
made by winding three turns of #22 d.c.c. 
wire around the body of the condenser. 
The turns of the coil are then varied until 
the trap is tuned to 57 Mc., with the aid 
of a grid-dip oscillator. The coil for the 
series tuned trap is made of eight turns of 
#22 d.c.c. wire wound on the body of a 
1-meg., 1-watt resistor. The turns are spaced 
so that the coil occunies the full length of 
the resistor (about 12”). This coil is tem- 
porarily placed in parallel with the 33 pyfd. 
series condenser, and the circuit is adjusted 
to 57-Mc., with the aid of a grid-dip oscil- 
lator. Once this is done, the coil and con- 
denser are reconnected in series across C2, 
as shown in Figure 30. 


9—All remaining connections and leads may 


now be completed, and the circuit wiring 
should be given a final check before power 
is applied. 
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Fig. 32. Control circuit for Simplex-28 transmitter. 


Testing the Transmitter 


As in the case of any mobile transmitter, it 
is wise to attach the Simplex-28 to an a-c op- 
erated power supply for preliminary check-out. 
This will save wear and tear on the automobile 
battery and ignition system, and makes trouble 
shooting much simpler. 
1—The transmitter is connected to a 300 volt, 
150 ma. power supply, and the 6AG7 os- 
cillator tube is placed in its socket. A crys- 
tal within the proper range (7125-7425 
kc) is placed in the crystal receptacle. Coil 
LI may be tuned to the 10-meter band by 
means of grid-dip oscillator. When plate 
power is applied to the 6AG7 tube, the os- 
cillator may be monitored by a nearby re- 
ceiver tuned to the 7-Mc. fundamental fre- 
quency of the crystal. 

2—Switch SJ should be placed in the “tune” 
position, and a 2E26 tube placed in the 
amplifier socket. A de milliammeter should 
be plugged into J/, and the slug of coil 
LI tuned for maximum meter reading. 
When S/ is in the “tune” position, only the 
grid current of the 2E26 will be measured 
on the meter. When L/ is tuned to reso- 
nance, not more than 4 ma. of grid current 
should be read on the meter. If it is neces- 
sary to reduce the grid current to this 
value, LJ may be detuned slightly, or the 
8K screen resistor of the 6AG7 tube may 
be increased in value, dropping the output 
of the oscillator. The slug of L/ should 
tune broadly across the entire 10-meter 
band. 

3—A 10-watt automobile headlamp may be 
connected across the output terminals of 
the transmitter to serve as a dummy load. 
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Since the antenna relay will not operate 
on a.c., it may be wedged closed with a 
toothpick. C2 should be set to a maximum 
capacity, and SJ should be placed in the 
“operate” position. The current measured 
in JZ will jump to some value between 30 
and 80 ma., so it is wise to make sure that 
the meter inserted in JJ can measure this 
value of current without damage. When C/ 
is tuned to resonance the current will drop 
to a value close to 20 ma., depending upon 
the exact value of the dummy load in ‘use. 
4—-The transmitter may now be loaded to full 
input. As the capacity of C2 is decreased 
the loading will increase, and the plate cur- 
rent of the 2E26 will increase. After any 
change in the setting of C2, CJ must be re- 
tuned for the minimum plate current dip. 
The plate current of the 2E26 may be 
loaded to any value between 45 ma., and 
75 ma., depending upon the capacity of 
the power supply. 
5—As a parasitic check, the crystal should be 
removed from its holder while the trans- 
mitter is operating. The r-f output of the 
transmitter should drop to zero, and the 
plate current of the 2E26 should increase 
to 90 ma., or more. Caution: Do this test 
for seconds, only. Damage to the 2E26 will 
result if it is run with no excitation. If the 
2E26 plate current does not abruptly in- 
crease when the crystal is removed, or if 
there are signs of r-f in the lamp bulb load, 
a parasitic is present in the 2E26. In this 
case, a parasitic choke must be placed in 
the plate lead of the 2E26, next to the plate 
cap. This choke may consist of a 50-ohm 
1-watt resistor in parallel with a coil made 
of three turns of #16 wire wound over the 
body of the resistor. : 
Cautious souls may place this parasitic 
trap in the plate circuit of the transmitter 
when it is built, and eliminate the danger 
of parasitics. In the transmitter shown in 
the photographs a trap was originally used, 
but later removed when it was found that 
it was not needed. Any radical change in 
parts layout of the transmitter or large 
- change in lead length may require that the 
trap be placed in the plate circuit. 


Installation in the Car 


The control circuit for the Simplex-28 is 
shown in Figure 32. The power supply should 
supply 300 volts. If a single vibrator supply 
delivering this voltage at 100 ma. is used, the 
2E26 should be loaded to an indicated current 
of 50 ma., as measured in JZ. It may be neces- 
sary to parallel C2 with a SO pyfd, or 100 
pufd. silver mica condenser (C3) to allow the 
plate current of the 2E26 to drop to this low 
loading value. If the power supply is capable 
of output of 150 ma. at 300 volts, the 2E26 
stage may be loaded to a current of 75 ma., 
as indicated in J/. The input in the first case is 
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about 12 watts, and about 21 watts in the sec- 
ond case. Under no circumstances should more 
than 300 volts be applied to the transmitter. 

The transmitter may be coupled to a stand- 
ard “10-meter whip” by means of a short 
length of coaxial line of 50 or 72 ohms im- 
pedance. The amount of capacity needed at 
C2 to correctly load the transmitter will be de- 
pendent to some extent on the length of coaxial 
line between the transmitter and the antenna. 
If loading difficulties are experienced, the 
length of the coaxial line should be varied a 
foot or two until optimum loading is obtained. 


the W6MTY Screen- 
Ten Meter Transmitters 


The 28-28 and 28-9 series of ten meter 
transmitters have proven to be one of the most 
popular designs carried in CQ Magazine, and 
in the first edition of the Radio Amateur’s 
Mobile Handbook. Because of their continued 
popularity and the increased activity in 10- 
meter mobile operation, these transmitters are 
described once again, along with an improved 
version of the original 28-9 transmitter. All 
transmitters are the original design of J. Roy 
Smith, W6WYA. 


The 28-28 Transmitter for 10-Meters 


This miniature 10-meter phone transmitter is’ 


small enough to be placed in the glove com- 
partment of many cars. Complete with tubes, 
transformers, and send-receive relay it weighs 
3% pounds. It measures 312” x 614” x 414”, 
and draws a minimum of plate and filament 
current. Although designed for 10 meters, the 
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Fig. 35. Underchassis view 
of the 28-28 transmitter 
showing the placement of 
some of the major com- 
ponents. 


circuit may be modified for other bands. 

The transmitter uses three miniature tubes 
plus a 2E26-beam pentode in a simple, yet com- 
plete circuit. It is crystal controlled, and there 
is no doubling in the class C modulated stage. 
The transmitter operates on a.c. or d.c., which 
enables it to be moved about and used as a 
portable mobile transmitter. 

The power requirements are 6.3 volts at 2.15 
amperes and any plate voltage between 300 and 
500 volts. At 300 volts the transmitter requires 
115 milliamperes of plate power. If the car 
battery is up, this may easily be supplied by a 
single 100-milliampere, 300-volt vibrator sup- 
ply. At 500 volts the transmitter requires 150- 
160 milliamperes. A Carter Model 450AS dy- 
namotor will supply the correct operating 
voltage. A surplus PE-103A may also be used. 
A Mallory VP-557 Vibrapack will also work 
well with this transmitter. At 300 volts, the in- 
put will be 20 watts, and the maximum input of 
28 watts can be run with a 500-volt supply. 


Fig. 36. This view shows the metering jack next 
to the 2E26 and next to the 6J6 rf driver. The 
antenna coupling adjusting capacitor C11 is in 
the center near the modulation transformer. 


The Circuit 


The r-f driver uses a 6J6 in a frequency quad- 
rupling circuit using a 7-Mc crystal. The first 
half of the 6J6 is a modified Pierce oscillator, 
with the plate circuit tuned to 14 Mc. The 
second half of the 6J6 acts as a doubler to 28 
Me. It is essential that all r-f portions of this 
circuit (tube socket, coil forms, etc.) be made of 
low-loss ceramic or mica-filled bakelite. See 
Figure 33. 

The slug-tuned inductances resonate with the 
internal capacities of the tube and the residual 
circuit capacities to the correct frequencies. This 
relatively high L/C ratio allows broad band 


4 
2 6J6 
4) 14 MC 


cea 


PILOT 
- "ON THE AIR" 


B- $2 
GROUND 

BATT. 6V 
RETURN FIL 


HEADLIGHT 
RELAY 
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circuits yet still allows relatively high Q in- 
ductances. With 150 volts on the exciter and a 
plate current of 14 ma., this driver provides 
more than enough grid excitation for the 2E26 
class C amplifier. 

The 2E26 stage has a metering jack in the 
cathode circuit. This is a shorting type jack so 
the piate meter may be removed after tune-up. 
The same jack may be used for indicating either 
the 2E26 grid current or the total cathode cur- 
rent. When the switch Sw/ is opened, the d.c. 
screen voltage is removed and the screen and 
plate currents are cut off, leaving only the grid 
current for the meter to read. Closing the 
switch restores the screen voltage and permits 
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CONTROL 
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RI—47,000 ohms, Yow. Ry! —D.p.d.t. relay, 


R2—33,000 ohms, !/ow. v. coil. 
R3—22,000 ohms, !/ow. $1, $2—S.p.s.t. toggle 
R4—15,000 ohms, Iw. switches. 


R5—6,000-ohm 
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Chassis—2!/gx3!/> x6!/p 
TI—Microphone 


R6—220 ohms, Iw. transformer, 1:84 
R7—330 ohms, Iw. turns ratio (Triad 
RFC1—2.5 mh. r-f A-5X). 


choke. T2—Replacement 
RFC2—Z28 Ohmite output transformer 
r-f choke. Chitran RO-304. 


Fig. 37. Wiring schematic and parts I:st of the “28-9” mobile transmitter. 


Mobile Handbook 125 


" 


plate and screen current to flow. Since the 
meter is really only needed during tune-up 
operations it is unnecessary to install it in the 
transmitter. 

The output circuit of the 2E26 is a pi-net- 
work, designed to work into low impedance 
loads, such as are presented by the usual mobile 
whip antenna. It will also match low impedance 
lines, and random length antennas that might 
be used for portable work. Final amplifier 
loading is controlled by C//. In some installa- 
tions it may be necessary to parallel ClJ with 
an additional fixed capacity of 100 pyfd. to re- 
duce loading to the correct value. 

The modulator is a pair of 6AQ5 tubes op- 
erating class AB1. This circuit will produce 
sufficient peak power to fully modulate a class 
C stage operating at 28 watts input. To make 
this possible, a microphone transformer with 
a turns ratio of 1:84 must be used. No addi- 
tional speech amplification is then necessary. On 
voice peaks, the 6AQ5 tubes draw grid current 
which causes the driving voltage to drop. This 
causes a limiting action which effectively pre- 
vents overmodulation while, at the same time, 
allows a high average level of modulation. 

The specified microphone transformer has a 
resonance of 1400 cycles which is the mid-fre- 
quency of the audio band necessary for effective 
transmission of speech. With the aid of C& 
across the output winding of the modulation 
transformer the modulator response is within 
the range of 350 to 3500 cycles, the frequencies 
of maximum effectivity for speech. 

To eliminate the need for a mike battery, the 
microphone voltage is developed in the cathode 
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Fig. 38. This uncer the chassis 
view shows that the 28-9 may be 
made into an extremely compact 
unit. In this model (used by 
W6DUM) a midget meter has been 
added in the power !ead. The tubes 
project out the rear apron of the 
‘chassis. 


circuit of the modulator. A Western Electric 
Fl, or a surplus T-17B microphone will work 
well with this circuit. 

The transmitter is controlled by relay, Ry2, 
which is operated by the microphone switch. 
This circuit may be used to operate another 
control relay to start a dynamotor, or it may be 
used to ground the center tap of a power trans- 


former in an a.c. supply. Suggested control 


circuits are shown in Fig. 34. 

The control relay, Ry/, is a standard 6.3-volt 
60-cycle relay. It works well on about 3 volts 
d.c. In order to drop the voltage for d.c. opera- 
tion, R/O and R// are wired in parallel and 
connected to plug pin 6, which is grounded by 
the mike push-to-talk switch. An external trans- 
mit switch must be used for a-c operation, as 
using the microphone control on an a-c circuit 
will introduce a.c. hum into the audio system. 


os 


Construction 


The chassis box measures 24%” high, 312” 
deep and 6” long and may be used. Figure 35 
shows a Bud AC-43]1 chassis measuring 2” 
high, 4” deep and 6” long and may be used. 
Figure 35 is an underside view, showing place- 
ment of the small parts beneath the chassis. 
Looking at the top view for a moment: Across 
one end of the box are the crystal holder, L2, 
the 6J6 socket and L/. Between L2 and the 
front edge of,the box is the antenna coaxial re- 
ceptacle. R9 is mounted between L/ and the 
corner of the chassis by a long bolt that passes 
through R9 and mounts it “end-on” to the 
chassis. Be sure to put insulating washers on 
each end of R9 to prevent the bolt from short- 


ng the resistor to the chassis. 

The 2E26 socket, J/, and the antenna relay 
ire in a line parallel to LJ, L2 and the 6J6 
ocket. C5 is mounted on J2. SwJ mounts on 
ide of the chassis directly above the 2E26 
ocket. C6 is mounted on the 2E26 socket, 
connecting between pins 3 and 4. Condensers 
212, C13 and C/4 are combined in one triple 
init, such as the Sprague TVL-3719, which 
nounts in a 1” diameter hole. The mount- 
ng plate should be used with this condenser, as 
t is next to impossible to solder the condenser 
o the aluminum chassis. This condenser 
nounts just about in the middle of the chassis. 
-ondensers C//7 and C/O are on each side of 
t, and coil L3 is suspended below it. L3 is self- 
upporting, mounted between the soldering lugs 
£ CII and C10. A small 42-inch ceramic ter- 
ninal is mounted to the rear lip of the box 
rear C/O. This terminal supports one end of 
“7 and RFC2. The plate lead from the 2E26 
»omes through an insulated hole in the chassis 
ind connects to the stator of C/O and RFC2. 
(ransformer 72 is mounted above the chassis, 
ts leads going through two insulated holes to 
he underneath side. The two 6AQS5 tube sock- 
ts are mounted at the extreme end of the 


| Ri, R2—100 K, % W. C1—10 mmf ceramic tu- 


R3—22 K, 1 W. bular 

R4—15 K, 1 W. C2, C3, C4—50 mmf 
R5—3.3 K, 2 W. ceramic tubular or disc 
R6—2.20, 1 W. C5, C6, C7—.001 mf 


R7—330, 1 W. 
R8—1 M, % W. 
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chassis. FJ is mounted below the chassis, one 
end being held by a mounting bolt of 72. In 
the original model shown in the photo, C/2 
was not an integral part of the large filter can, 
but was mounted atop 72, the ground end of 
C12 being soldered to the frame of C2. Resistor 
R8& mounts at the extreme end, beneath the 
6AQ5 tube sockets. It, like R9, mounts “end- 
on” with a long machine bolt. The resistor has 
two fiber washers at each end for additional 
insulation. 


Wiring 
As many parts as possible should be mounted 
directly on the tube sockets to conserve space. 


RI is mounted across the crystal holder. Cl 
is connected between pins 5 and 7 of the 6J6. 


~C2 goes between pins 7 and 4 of the 6J6. Pin 4 


is grounded to the socket bolt. C3 connects be- 
tween pins 2 and 6 of the 6J6. R2 goes from 
pin 6 to pin 4. C9 is connected between the 
“cold” lug of L/ and the ground lug on the ~ 
threaded shank of L/. R3 mounts between 
pins 5 and 7 of the 2E26. Pin 7 is grounded. 
C4 goes between the top (hot) end of L2 and 
pin 5 of the 2E26. C8 goes directly from the 
“eold’=end ‘of >REC2 to -sround.* The.“ colds 


C9I—500 mmf 
Mica or ceramic 
C10—50 mmf midget va- 


electrolytic 
Ji—Closed circuit phono 


midget 


jac 
J2—Signal Corp. 38 cir- 


riable 
C11—140 mmf midget va- cuit mike jack 
riable J3—Motorola type ant. 


C12, C13—25 mf 25 V. 


receptacle 


Fig. 39A. Schematic of 1956 version of the 28-9 transmitter. 
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end of RFC2 should be supported by an in- 
sulated terminal, C8 going directly across this 
terminal. The remainder of the wiring is not 
critical as to placement. Condensers C15, C16 
and C/7 mount directly on the power plug and 
prevent r.f. from entering the cable leads. 


Check Out 


All wiring should be checked before applying 


filament voltage to the transmitter. When the 
tubes are lit, plug in a 7-Mc band crystal. Open 
Swi to remove screen voltage from the 2E26. 
Plug a low range (0-15 ma.) milliammeter in JJ. 
The center arm of JJ is “positive.” Energizing 
the relay should indicate grid current of the 
2E26 on the meter, if L7 and L2 are near reso- 
nance. If no grid current is observed, tune a 
receiver to the fundamental frequency of the 
crystal oscillator. If the crystal is oscillating, 
LI and L2 are then adjusted for a grid current 
of 3-4 ma. on the 2E26. The meter in J/ should 
be changed to a 0-100 ma. meter, and Swi/ is 
closed, applying screen voltage to the 2E26. 
C11 is set at full capacitance. Close the relay 
and resonate the final amplifier plate circuit 
with C/O. Connect an antenna to the trans- 
mitter. Loading of the antenna is increased by 
decreasing capacity of C//. Re-dip the final 
after each change of C// by re-resonating C10. 
Continue adjusting C// and C/O until the final 
is loaded as desired. Maximum loading will be 
at 70 ma. cathode current. 

A field strength meter located several feet 
from the antenna is very useful in tuning the 
transmitter for maximum output. 

The transmitter generates very little har- 
monic power. Only very mild interference on 
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Fig 398. The 1956 version of the 
28-9. This view shows the panel 
arrangement and the internal lay- 
out of parts and wiring. The meter- 
ing jack is underneath along with 
the controls for antenna loading 


and the slug tuned rf doubler 
contro!s. 
channel 2 is noticeable when the transmitter is 


near a television set of good design. An antenna 
filter would remove this last trace of inter- 
ference if placed in the antenna feed line. 


the 28-9 Transmitter 


The “28-9” is another W6WYA transmitter, 
designed to work in conjunction with a 300-volt 
100-ma. vibrator power supply. It is only 
2” x 314” x 6%” in size and small enough to 
mount easily under the dash of almost any car. 
The battery drain of this transmitter, under 
100% modulation is less than 9.5 amperes— 
just about the drain of a good car radio. The 
circuit is shown in Fig. 37. 

The r-f driver uses a 6J6 in a reseperittt 
oscillator/ doubler circuit that is very effective. 
The grid of the first half of the 6J6 will work 
either from a 7-Mc crystal or from 7 Mc. excita- 
tion from a VFO. The cathode r-f choke is a 
standard 2% mh. 4 pie choke. Condensers Cl 
and C2 provide the r.f. feedback to the oscillator 
cathode necessary for oscillation. The plate cir- 
cuit of the oscillator is tuned to 14 Mc. by the 
self-resonating coil, LJ. The second half of the 
6J6 acts as a regenerative doubler to 28 Mc., 
regeneration being supplied by the common 
cathode impedance, C2. The plate circuit of 
the second half of the 6J6 is resonated by L2 
and the associated circuit capacities. 

The class C stage uses a single 6AQ5 tube 
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operating as a straight amplifier. An acceptable 
substitute for the 6AQ5 would be a loctal based 
7CS5. The 7CS5 is equivalent in characteristics 
to, and is slightly more rugged than the 6AQS. 

The 6AQS5 is plate and screen modulated by 
a second 6AQS. The output circuit of the r-f 
stage uses a 10-meter plate choke for maximum 
efficiency and minimum space. The output cir- 
cuit is a pi-network, composed of C10, C11 and 
L3. The pi-network tank does a good job of 
helping the reduction of harmonics which cause 
TVI. It will match any antenna in the range of 
30 to 500 ohms. 


The Audio Circuit 


The audio system uses a carbon mike to drive 
the mike transformer. This transformer is a 
gem worth all your efforts to obtain. It acts as 
an effective speech-frequency band pass filter, 
as its high impedance secondary is in parallel 
resonance at 1400 cps. (The Triad Transformer 
Co. and the Peerless Division of Altec Lansing 
-Co., both in Los Angeles, Cal., make this trans- 
former.) The center tap on the secondary is 
not used. The entire secondary with its voltage 
‘step-up ratio of 1:84 is connected in the grid 
circuit of the 6AQS audio amplifier. To elimi- 
‘nate the usual mike battery some of the 6AQ5 
cathode current is fed through the mike by 
‘means of the resistor combination R6 and R7. 
The mike voltage is 4% volts with the mike 
switch closed. . 

In place of the usual modulation transformer 
an inexpensive replacement grade push-pull 
output transformer is used. In this circuit the 
output or speaker winding is ignored. Almost 
any such transformer may be used, but it is wise 
‘to select one designed for a 14,000-ohm plate- 
to-plate impedance, capable of carrying 50 ma. 
of d.c. and whose primary d.c. resistance is less 
than 300 ohms. Equally important is that it 
fit the rear of the chassis. Using a transformer 
designed for 14,000 ohms plate-to-plate the im- 
-pedance each side of center tap will be suffi- 
cient at the low frequency end (300 cps.) for 
the 6AQS5 to develop full audio power. Since 
the audio and class C tubes are the same, the 
“modulation” transformer should have a 1:1 
turns ratio, hence the use of % of the primary 
for the audio side and the other half to the class 
-C modulated stage. A Signal Corps type 3—cir- 
cuit mike jack with its smaller opening is used 
to prevent confusion with the metering jack and 
to fit the 7-/7B mike plug. 

_ An additional feature of this audio circuit is 
its use as a public address system for emergency 
‘use or to direct the activities of an outdoor 
Hamfest. Switching the screen switch SJ off, 
the class C stage is disabled unloading the mod- 
-ulator. Further, by switching a loud speaker to 
the previously unused 4-ohm secondary wind- 
‘ing of the modulation transformer, 4.5 watts of 
audio are available for public address use. 

-. The 0.01 ufd. disc ceramic capacitor C8 in 
addition to being an r-f bypass capacitor also 
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MOD B+- 
TO CLASS C STAGE 


T3-AUDIO OUTPUT 
TRANSFORMER PUSH-PULL 
TO SPEAKER. TRIAD- 
A-53X OR CHICAGO 
RO-304, 5 WATTS 
REPLACEMENT TYPE, 


Fig. 40 Alternative modulator circuit when push- 
pull output transformer is employed in place of 
special Triad unit 


serves to attenuate the higher audio frequencies 
not required in speech communication. The 
over-all response of the modulator is within the 
range of 300 to 3500 cps. 


Control Circuits 


The control circuit uses a relay actuated by 
the standard push-to-talk switch in the carbon 
mike. Since the “28-9” was planned solely for 
mobile operation in the family car, a d-c relay is 
specified. The rig may be made to operate on 
a.c. or d.c. by merely replacing the d-c relay 
with a 6.3-volt a-c counterpart midget relay, 
connecting a 4-ohm 5-watt resistor in series. 
With the series resistor, the a-c relay operates 
equally well on either a.c. or d.c. The battery 
current drawn in this arrangement is greater 
than when using a 6-volt d-c relay. 

One set of relay contacts switches the antenna 
from the receiver to the transmitter. The other 
set of contacts is used to start the power supply 


CLASS C 
STAGE 


Oo Oo 


Oo Sw2-3POLE, 4 POSITION 
SINGLE DECK ROTARY 
SWITCH 


PHONE 


JACK 
1g 
SUPPLY 
SPEAKER WIRE TO START 
FROM RCVR HORN 
3.2 OHMS SPEAKER 


Fig. 41. Control circuit for 1956 version of 28-9 
transmitter. 
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CRYSTALS 
S4 


Tl—Mike transformer, 
1:84 turns ratio (Triad 
A5X, Peerless KOO7X, 
Thermador 211784) 

T2—Modulation trans- 
former (Triad M-4Z) 


with 


MF/2c or equal, 
proper voltage coil) 


LH1—Lampholder, 
light Co. #431 

Lamp—S-51 

RFC1—.5 mh to 2.5 mh 


Dia- 


RY1—D.P.D.T. — send-re- 
ceive relay (Advance 


RFC2—Ohmite Z-28 or 
14” closewound #30 


Fig. 42. Complete wiring schematic and parts list 


and short out the r-f driver plate voltage 
when the mike switch is released, permitting in- 
stantaneous break-in operation. Since the con- 
tact current in the midget relay is limited, it is 
necessary that another relay be used ahead of 
the vibrator power supply. For this purpose a 
conventional automobile single headlight relay 
with its built-in fuse is ideal. The fuse will 
protect the vibrapack in case of trouble. 


Construction 


The transmitter is built in a small ‘“Mini- 
box,” such as the Bud CU-2106 or the L. M. 
Bender 138. The box should measure at least 
Ds X 3 xe Thes LM Bender (box 1s 
slightly larger than these dimensions. All parts 
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shown in Fig. 38. 
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enameled on 14” dia. form 
form L2—13T #20 enameled on | 
S1—S.P.S.T. or multiple National XIR50 © coil 
switch (See text) form 
S2 — S.P.S.T. filament L3—9T of B&W 3010 


miniductor (#18 11%” 
long, %” dia.) or Air 
Dux #608 T. 


switch ' 
L1—28T #24 enameled on 
National XR-50 coil 


for the “Combo” Transmitter-Receiver Pg. 138. 


are mounted on the main half of the box, as 
The 6J6 tube is mounted 
on the back apron to the extreme left. Next to 
it is the 6AQS5 r-f amplifier. The modulation 
transformer 72 is next, and on the extreme 
right end of the apron is the 6AQ5 modulator. » 

On the front panel are, from left to right: 
The crystal holder with the green pilot (Fil. 
On) above it, the filament switch, the plate 
meter (if one is used), the screen switch, S/, 
and finally the red pilot ca the air) and the : 
mike jack. 

The remaining parts are mounted on the 
deck of the chassis. Directly in front of the 
6J6 socket are mounted LJ and L2. Between 
these coils and the front panel is the antenna 
relay, Ryl. To the right of L2 is C10, with its 
slotted shaft projecting out the bottom of the 


.. : 
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chassis. CJ mounts almost directly in front of 
T2, with coil L3 between C// and C10. L3 
mounts vertically, and is supported by its leads 
to C10 and C//. At the right end of the chassis 
=m IJ; the microphone transformer. R5, the 
wire- -wound resistor mounts on end by a long 
bolt between T/ and the mike jack. Be sure to 
put insulating washers on both ends of R5 to 
prevent it from shorting to the chassis or 
mounting bolt. Since chassis space is at a min- 
imum no cable receptacle and plug are used. 
The power leads come out the back of the 
chassis through a rubber grommet and are 
laced with twine to form a cable. A female plug 
is placed at the end of the cable. 


Wiring 


bt it is necessary to use a light grade of plastic 
insulated wire to prevent the wiring from be- 
coming cumbersome. Belden 8901 plastic in- 
ulated wire will do the job well. 
| Resistor RZ should mount across the crystal 
ocket. Mount C/ between pins 5 and 7 of the 
6J6 socket. Ground pin 3. Wire C2 between 
rn 7 and 3. Wire R2 between pins 6 and 3. 
3 connects between pins I and 6. C9 connects 
2 the “cold” end of L2 and the mounting lug 
f L2. C4 mounts between the 6J6 socket and 
the 6AQ5 socket. R2 connects between pins J 
and 3 of the 6AQ5 socket, pin 3 being 
grounded. C6 mounts directly between pinss2 
and 6 of the 6AQS, while C5 connects between 
pins 2 and 3. 
_ The audio components fit into the space be- 
tween the 6AQ5 modulator and 77. 


Tuning Procedure 


The coil of relay Ry/ should be temporarily 
disconnected and the relay contacts held closed 
with a matchstick. Apply 6.3 volts a.c. to the 
filaments of the transmitter. With the screen 
switch S7 opened, a meter plugged into JJ will 
ad the grid current to the 6AQ5 tube. Using 
a2 7-Mc crystal, LJ and L2 are adjusted for a 
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Fig. 43. Power to operate the “Combo” is taken 
from the automobile BC receiver. The high volt- 
age lead is broken as shown and a filter (choke- 
capacitance) in the transmitter is substituted. 


Fig. 44. Tép view ee eConibe: 4 See text ie parts 
placement. 


grid current reading of 3-4 ma. Resistor R5 
may be adjusted to a lower value to increase 
the output of the 6J6, if necessary. When switch 
SZ is closed, the meter will read the total 
cathode current. With C/ set at maximum ca- 
pacity, ClO is adjusted for a dip in cathode 
current, indicating resonance. A suitable an- 
tenna load should be connected to J3 and C11 
decreased in capacity until the 6AQS5 cathode 
current is in the region of 50 ma. C10 should be 
resonated each time a change is made in the 
capacity of C/J. 

In some cases, depending upon the SWR of 
the antenna system, an additional fixed capac- 
ity of 100 pyfd., placed in shunt with C// may 
be necessary to reduce loading to 50 ma. cath- 
ode current. 

The transmitter should be disconnected from 
the a.c. operated supply, and the lead to Ryl 
reconnected. The transmitter is now ready for 
installation in the car. 


Antenna Connections 


The “28-9” works best with a quarter-wave 
whip antenna. Since this antenna ‘has a load 
resistance of only 36 ohms, an impedance 
matching section is recommended to raise the 
impedance up to 72 ohms. The matching sec- 
tion consists of a quarter-wave electrical wave 
length section (67 inches for 10 meters) of 52- 
ohm coax line with one end connected to the 
antenna and the other end connected to a 
72-ohm coax line of sufficient length to reach 
the transmitter. Its use affords a better match 
to the pi-network. Also, if the XYL objects to 
the conspicuous quarter-wave whip, the auto- 
mobile’s regular BC antenna does a good job 
as the transmitting antenna. A Motorola type 
antenna plug and jack are used as the antenna 
connection. A short length of coax line brought 
out through the chassis connects the antenna 
to the receiving converter. 


The 28-9, 1956 Version 


From time to time many 28-9 users have 
asked, “Have there been any improvements in 
the 28-9 since 1952?” 
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A-#33 DRILL H-DRILL & TAP 
B - #28 DRILL 4-36 
C-3#48 DRILL J- PUNCH 5/8°D 
0-4/4" DRILL K-PUNCH 3/4"D 
E- 5/6" ORILL 

F - 3/8" ORILL 

G-7/46" DRILL 


i 


Fig. 45. Principal layout dimensions for this complete transmitter/receiver combination. 


Indeed, the 28-9 has progressed through the 
years. The new version has a change in the r-f 
driver stage, neon bulb tuning, a modulation 
and performance indicator, a type-operation 
control switch and an improved modulation 
transformer which increases modulation. 

This transmitter is easily powered by either 
a vibrapack or a dynamotor. In most cars the 
BC receiver’s power supply can be switched to 
the 28-9 and does a fine job with only a frac- 
tion of an S-unit less output. 


Design 


The 28-9 uses three tubes; one as an r-f 
driver, another as a class C amplifier and the 
third as an audio modulator. The r-f driver now 
uses a 12AU7 in practically the same circuit as 
the original 6J6 with the exception of the higher 
value grid-leak resistors, and higher plate volt- 
age. The use of a 12AU7 simplifies wiring of 
the filament circuit in transmitters for use in 
new Cars using a 12-volt system. The old 6J6’s 
did not last long when the plate voltage ex- 
ceeded 150 volts. The class C amplifier uses 
either a 6AQS or a 7CS. By choosing identical 
tubes of either type for the class C stage and 
the audio modulator, one spare tube serves as 
a spare for either circuit. The 7-pin miniature 
6AQ5 or the loctal 7C5 are equally effective 
and they both have essentially the same char- 
acteristics. The 7CS5 is slightly larger and dissi- 
pates the heat better. Also, the 7C5 loctal socket 
is larger, which makes socket wiring easier. 

Both the r-f driver and the class C amplifier 
Operate with grid leak bias. This is the simplest 
method for bias but does require adequate 
driving power. The final stage is standard ex- 
cept for the addition of the neon bulb “per- 
formance indicator.” The pi-network tank 
circuit is best for antenna matching and at- 
tenuation of harmonics. 
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In the audio modulator circuit, the high step- 
up microphone transformer eliminates the 
necessity for both an audio amplifier and a 
gain control. When the modulator grid is over- 
driven there is gnid limiting in the high 
impedance transformer secondary, keeping the 
audio at a constant maximum level. The modu- 
lation transformer is a new wrinkle in an old 
system. It uses a 1:1.16 turns ratio auto- 
transformer which increases the average modu- 
lation more than the usual 100 percent without 
overmodulating on negative peaks as occasion- 
ally happened in the original 28-9. This trans- 
former also serves as an output transformer 
for public address use. 

The control panel as a part of the chassis is 
an important design consideration for sim- 
plicity and ease of adjustment. All controls re- 
quiring adjustment are now on the front panel. 

In general, the redesigned 28-9 has retained 
all its previous advantages and important fea- 
tures and now has some added improvements 
too. 


The R-F Circuit 


The r-f driver uses a 12AU7 in a reliable, 
sure-fire circuit. The first triode operates as a 
modified Pierce oscillator using a 7 Mc crystal. 
By means of the resonant circuit, consisting of 
LI plus the circuit and tube capacitance, the 
first triode doubles in the plate circuit to 14 
Mc. The r-f choke in the cathode is not critical. 
Its inductance may be anything from .5 milli- 


henries to 2.5 millihenries depending upon 
preference and space available. The second 


triode performs as a second doubler to 28 Mc. 
It is seldom necessary to retune the r-f driver 


when changing frequency (Fig. 39). 


A 7 Mc VFO may be plugged into the 
crystal socket, replacing the crystal, but such a 


VFO must be capable of delivering a small 


Reis 
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amount of power—enough power to establish 
sufficient grid leak bias on the first triode. 

The class C modulated stage is simplified to 
the bare minimum of parts. It uses a pi-network 
as a tank circuit which does a good job of at- 
tenuating harmonics. The neon bulb, NES/, 
uses only 1/25 of a watt of power but is a very 
effective tuning, modulation and performance 
indicator. As the pi-network tank circuit is 
resonated the lamp glows brighter. As the 
loading is increased the lamp dims. Modulating 
the signal causes the bulb to glow brighter 
with upward modulation and dimmer with 
downward modulation. A change in average un- 
modulated brilliance also indicates a change 
somewhere in the entire transmitter, hence it 
serves as a performance indicator. 
_ The closed circuit meter jack is a “must” 
item. A meter is needed only during the initial 
tune-up operation. With a milliammeter plugged 
into the jack the total cathode current (plate, 
screen and grid) may be measured. When 
Switch SJ is opened the screen and plate cur- 
rent ceases, leaving the meter indicating only 
the control grid current. When adjustments are 
complete, the meter plug is removed. Further 
plate tuning due to frequency changes can be 
accomplished by tuning for maximum brilliance 
on the neon bulb. 
__A hand-constructed frequency-rated plate 
choke may be used in place of the Ohmite Z-28 
choke, RFC2, using closewound number 30 en- 
ameled wire over a form %4 inch diameter by 
i” inches long. 

Audio Circuit 

The carbon mike is still the most dependable, 
effective and inexpensive of microphones. 
Hence, it is still used in the 28-9 along with the 
same mike transformer (now this transformer 
is made by three manufacturers: Triad, Peer- 
less of Altec-Lansing, and Thermador, all lo- 
cated in Los Angeles). This transformer has a 
1:84 voltage step-up, eliminating the need for 
an audio amplifier, and saving precious plate 


Coil Winding Data 


MAIN SCHEMATIC 
10 Meter Operation 


Li—72 t. #28 enam. closewound on 4” dia. 
ceramic form, CTC LS6. 

L2—21 t. 424 enam. closewound on %” dia. 
ceramic form, CTC LS5. 

L3—-8 t. #20 tinned, 1” long, *%” dia., B&W 
Miniductor 3010. 

L4—3 t. #24 enam. closewound over cold end of 
L5. Wrap L5 with one layer of Scotch tape 
before winding L4. 

L5—-21 t. #24 enam. closewound on ‘%” dia. 
ceramic form, CTC LS5. 

L6—-15 t. #24 enam. wound on %” dia. ceramic 
form, CTC LS5. 

L7—14 t. #26 enam. closewound on 14” dia. 
ceramic form, CTC LS6. f 


WAVEMETER 


L1I—15 t. #20 enam., 15/'6” long, 34” 
form—-Amphenol 24-5H. 
©L2—2 t. #20, wound at ‘‘cold’’ end of Ll. 


dia. Coil 


Main Schematic (Fig. 42)—-Wavemeter (Fig. 48) 


current. Furthermore, it acts as an effective 
speech-frequency band-pass filter, as its high 
impedance secondary is in parallel resonance at 
1400 cps. This prevents wasting of power in 
audio frequencies not needed for effective com- 
munication. To eliminate the need for a mike 
battery much of the modulator tube cathode 
current is fed through the mike at the junction 
of R6 and R7. Capacitor C12 is essential to 
prevent audio oscillation and to retain all mike 
audio voltage within the transformer primary. 
A carbon mike needs about 30 to 40 milli- 
amperes current, so nearly all of the cathode 
current is fed through the mike. R7 serves to 
prevent cathode-to-filament breakdown should 
the mike circuit become opened. 

The greatest 28-9 progress has been made 
in the modulation transformer. A special new 
transformer has been developed for this trans- 
mitter by the Triad Transformer Company, 
4055 Redwood Ave., Venice, California. A\l- 


though the idea for this transformer was pub- 


lished years ago, it was seldom~used, having 
taken a backseat to the then new class B modu- 
lation. With this transformer it is impossible 
to overmodulate in the negative direction and 
theoretically possible for the modulating voltage 
to reach the 150% modulation level in the posi- 
tive direction without splatter. This increases 
the effective audio up to the peak cathode 
emission of the beam pentodes. It boosts the ef- 
fective audio power and the results are amazing. 
Occasionally signal reports are received such 
as readability 5, signal strength zero. 

The r-f bypass capacitor C8 serves also to 
bypass higher audio frequencies not needed in 
speech communication. This helps prevent 
modulation splatter and unnecessarily wide 
sidebands. The overall audio response of the 
transmitter ranges from 300 to 3500 cps. 

However, if one prefers, a replacement grade 
5 watt push-pull output-to-speaker transformer 
may be used as the modulation transformer as 
shown in Figure 40. The primary is used as a 
1:1 modulation transformer. With this circuit, 
occasionally it is possible to overmodulate in 
the negative direction. 

A Signal Corps 3-circuit mike jack, J2 is 
recommended. This preferred jack fits the 
standard 3-circuit mike plug. 

The audio circuit has the additional feature 
of being capable of being used as a public 
address system. Switching off the screen switch, 
S1, disables the class C stage and unloads the 
modulator. By switching a horn-type loud 
speaker to the speaker winding of the modula- 
tion transformer, the 4 to 5 watts of audio can 
be heard for three blocks. The control circuit 
of figure 41 performs these operations with a 
knob. 


Control Circuits 
The control circuits consist of a send-receive 
relay and a three-pole four-position single deck 
rotary switch connected as shown in Figure 41. 
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B.C. WHIP 
ANTENNA 


WAVEMETER 


4 RECEIVER 


CONVERTER INPUT 
OUTPUT 


SA 


Fig. 47. This switching arrangement keeps peace 
in the famly by permitting the XYL to “use” the 
BC receiver. $1 is a 4-pole, 2-position lever action 
switch (Centralab 1458). 


The relay is actuated by the standard push-to- 
talk switch in the carbon mike. The relay coil 
should be selected for the voltage of the battery, 
6 or 12 v.d.c. A 6.3v. a-c coil can be made 
to operate on 6 volts either a.c. or d.c. by 
connecting a 4-ohm 5 watt resistor in series 
with it. 

One set of relay contacts switches the an- 
tenna from the receiver to the transmitter dur- 
ing transmission. The other set of contacts iS 
used to start the power supply. 

If the receiver power supply is to power the 
transmitter, this set of contacts can be used to 
switch the receiver B+ from the receiver to 
the transmitter. Since the contact current in the 
midget relay is limited, it is necessary that an- 
other relay, such as a headlight relay with its 
built-in fuse, be placed ahead of the vibrapack 
or dynamotor. 

The transmitter illustrated uses the switch 
and control circuit of figure 41. Starting from 
left to right the switch positions are (1) Trans- 
mit, (2) PA, (3) Revr-PA and (4) Calibrate. 
Position (1) is the normal on-the-air with push- 
to-talk control. In position (2) the Class C 
stage is in operation, the loud speaker is con- 
nected, and the mike has push-to-talk control 
for public address work. In position (3) the 
speaker lead wire from the receiver is tied in 
to the P.A. speaker. In position (4) the class C 
stage is disabled by opening the screen circuit, 
the power supply is automatically turned on. 
In this position, a meter plugged into the meter- 
ing jack reads only class C stage grid current. 

If the earphone jack as shown in figure 3 
is installed within an inch or so of the mike 
jack, a Western Electric operator’s headset may 
be used when the plugs are modified and a send- 
receive switch is added. 


Power Supply 


The 28-9 will operate with power supplies up 
to 300 volts at 100 milliamperes. A vibrapack 
is recommended. A PE-101C converted dyna- 
motor makes a suitable power supply furnishing 
about 290 volts at 100 ma. The automobile- 
type headlight relay with fuse is essential to 
connect the vibrapack or dynamotor to the 
battery. 

The power supply contained in the average 
automobile radio will do a very reasonable job 
of powering the transmitter. Many of the 
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Washington, D. C. mobile stations have used 
their receiver power supplies to power 28-9's 
to their satisfaction for some time. Should your 
BC auto receiver have push-pull audio output 
tubes (more often than not), the internal supply 
will have adequate power for your 28-9. 


Tuning Procedure 


With the screen switch SZ open or in the 
“calibrate” position, a meter plugged in the 
metering jack reads only the grid current. Using 
a 7 Mc crystal, LJ and L2 are adjusted for a 
maximum grid current of 3 to 4 ma. At this 
point, change the scale on the meter to read 
about 100 ma. When switch SJ is closed or in 
the “transmit” position and the power supply 
is turned on, the meter reads the total cathode 
current. With CJ] set at maximum capacitance, 
plate tuning condenser C/O is adjusted for a 
current dip. Observe that the neon bulb glows 
brightest at this point of current dip. If the 
cathode current dips at less than 45 ma. (as- 
suming 300 volt plate supply), the capacitance 
C11 may be reduced and C/O reresonated as 
before. The process is repeated until proper 
loading is achieved. Now the meter is un- 
plugged. Once the loading is adjusted, all future 
tuning may be done by observing the neon bulb 
glow. | 

In some installations, an additional fixed ca- 
pacitor of 100 pufd or so, placed in shunt with 
C11, may be necessary to reduce loading to 45 
ma. cathode current. | 

Antenna loading should be kept low enough 
so that the plate current shows a definite dip 
at resonance in order to keep the tank circuit 
at sufficient level of Q so as to do its job at 
attenuating harmonics. At increasingly exces- 
sive loading the capacitance adjustment of C10 
at resonance (current dip and maximum neon 
bulb glow) becomes more displaced from its 
adjustment for maximum power in the .an- 
tenna. In every instance, the resonance or cur- 
rent-dip position is the proper adjustment for 
greatest harmonic attenuation and long life of 
the class C tube. | 

When parasitics are observed on a distant re- 
ceiver (1000 feet distant) they probably are 
caused by insufficient grid bias to prevent self 
oscillation since adequate grid bias is controlled 
by the amount of grid drive. | 

When downward modulation is experienced, 
it is probably caused by one of four situations: 
(1) Insufficient grid drive or excitation, (2) Ex- 
cessive class C stage loading, (3) Totally in- 
sufficient loading or (4) too much voltage drop 
in the filament circuit; that is, too low filament 
voltage at the class C tube causing low cathode 
emission. 


Construction Hints 


Here are construction hints which have 
evolved from the building of many of these 
transmitters. These hints will help you avoid 
some of the pitfalls of others’ past mistakes. 
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J4 


J2.P4_ 0-4Ma 


L4 


Ce Cs 
-004 2004 
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C1—50 uwufd. midget 
variable (Millen 


P1i—Phono plug. 
RFC1—One or two pies 


20050). of 2.5 mh four pie 
C2, C3—0.001 utd. dise choke. 

ceramic. M-—0-1 ma. 
Ji—Auto Type antenna Chassis—2” x 2” x 1\4.” 

jack. Aluminum interlock 
J2—Phono jack. box. 


Fig. 48. This wavemeter circuit has proven to be 
quite valuable in tuning up and monitoring the 
“Combo.” 


Actually these suggestions apply generally to 
almost any equipment built. 

Almost any reasonable arrangement of parts 
will work successfully providing all r-f leads 
are kept short. By short, we mean not exceeding 
one inch in length, preferably % to % inch. 
The arrangement illustrated in the photograph 
is very effective. But frankly it is a bit difficult 
for an inexperienced constructor. It is much 
better for beginners to start with a larger 
chassis, yet keeping all r-f leads as short as 
possible. As you plan the parts layout, orientate 
all the parts so as to require absolute minimum 
lead lengths. 

Concerning wiring techniques, 28 Mc is prac- 
tically in the VHF region and VHF wiring 
techniques should be used. All wire should be 
color-coded using the standard wiring color 


code, namely: red for B+, blue for anodes, 
green for grids, yellow cathodes, orange screen 
grids, brown filaments, black grounds and 
ground returns and white for control circuits. 
Use only stranded hookup wire. Use number 
18 size wire in the filament and ground leads in 
the power lead-in cable. Run the filament wire 
directly to the battery to avoid the voltage drop 
existing in the car’s connectors, switches and 
wires. Run all internal ground leads directly to 
ground to the nearest point on the chassis with 
very short leads. Even at 28 Mc long leads have 
sufficient inductive reactance to cause all sorts 
of feedback paths and possibilities for parasitic 
oscillations. 

Do not make mechanical joints in the wiring, 
pigtails and parts leads prior to the applica- 
tion of solder. It is not necessary and it is too 
difficult to correct wiring mistakes and make 
changes. 

Concerning the slug-tuned coils, the B+ 
connection should be at the end of the coils 
nearest the base. This places the iron slug in 
the “cold” end of the coil and conserves r-f 
energy. Place the tank coil L3 so as to be as 
clear of other parts as possible. Leave adequate 
room all around the coil for the flow of those 
invisible lines of magnetic flux which surround 
the coil. There exists much energy in those mag- 
netic lines of flux and to waste them in ad- 
jacent parts generates heat at the expense of 
your output power. 

Place by-pass capacitor C5 between the B+ 
end of coil Z2 and the coil’s ground lug with 
leads as short as possible. All other by-pass and 


Fig. 49. Wiring Schematic and Parts List for class K-Modulator, Pg. 141. 
FINAL R-F AMPLIFIER 
PARALLEL 
6L6'S OR 1614'S 


Ci, C5—0.001 ufd., 600v. 
C2—0.5 wfd., 100 v. 
C3—5 pfd., 450v. 


80 ohms d-c resistance, 
Merit type C-3196. 
M1—0-300 ma. meter. 


electrolytic. ~- R1—1500 ohms, Aw. 
CA4A—10 ufd., 450v. R2—100,000 ohms, Yw. 
electrolytic. R3—500,000-ohm poten- 


tiometer. 


Cé—470 uufd., 600v. 
R4—3900 ohms, %4.w. 


C7—25 ufd., 25v. 


electrolytic. R5—10,000, 4w. 
C8—2 ufd., 450v. R6, R8—470,000 ohms, 
electrolytic. 


low. 
R7, R13—22,000 ohms, 


QW. 
R9—1000 ohms, Y%w. 
R10—8.2 meg., bw. 
R11—18,000 ohms, 10w. 
R12—47,000 ohms, 2w. 


Ch1—5.5 henries, 50 ma., 
330 ohms d-c resistance, 
Knight (Allied Radio 
Corp.) part No. 
62-135. 

Ch2—5 henries, 200 ma., 


CA 5 
ViA * 004 V4B O04 V2 
4/242 AXT pfd V24A2AX7 ufd 6AQ5 
4 6 
~ BoK 7. A 
A Boies } R3 aached +7, 
5 500K ; 
>) etl 2 
3 RS > Chi 
R4 C2 470K 5.5H 
45002 25 : 50 Mo 
see 3301. 
CANE ie ae Ags R6oa oe is a ee L 
us 40K = > 
= C3 i+ +C4 
5== =40 | 
y toy ae +350V 
ie i: 300 Ma 
(MAX) 
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Fig. 50. Wiring Schematic and parts list for 
2 Meter 


mabile transmiiter. 


coupling capacitors shuuld be wired directly 
at the tube sockets. Before installing the pi- 
network variable capacitors, ground the rotor 
terminal by solder or a snip of wire to the 
grounded parts of the capacitor. This saves 
many headaches later in troubleshooting. For 
r-f by-pass capacitors use only ceramic disc 
types. Disc capacitors also may be used for 
coupling but not for the feedback control ca- 
pacitor CJ. 

The tube sockets should be bottom-mounting 
types with ground lugs as part of the mounting 
flange. The r-f tube sockets should be of 


ceramic or mica-filled bakelite. Tube shields are 


not necessary. The usual ones hinder the tube’s 
cooling and shorten tube life. 

It is recommended that the crystal socket be 
recessed about % inch behind the panel with an 
opening in the front panel to receive the body 
of the usual FT 243 crystal holder. This takes 
the mechanical strain off the holder pins, pre- 
venting pin breakage when the crystal is a>- 
cidentally bumped. 

The pilot-lamp holder should be ‘ire type 
wherein the bulb is accessible for replacement 
from the front of the panel by removing the 
jewel. Pilot lamps have a habit of burning out 
at the most inopportune time. The neon bulb 
should be mounted to the front panel in a 
standard %s inch hole rubber grommet with 
the bulb extending only about % inch. Too 
much of the bulb’s protruding affects too much 
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444NMc 
ES 
4T 
3/80 CA4 
‘ 25yptd 
4T 
RFC3 
ot 27-144 


AS 42B 6BA6 6AQ 
al 4s) 4) ay 


Cl, C2, C5, C10, Clil— R3—1500 ohms, 10w. 
100 mwmuid. tubular R7—10,000 ohms, 10w. 
ceramic. R8&—500,009 ohms, 

C3—50 uutd. midget low. 
variable, screwdriver R9-——500 ohms, lw. 
adjusted APC. R10, R13—300 ohms, 

C4, C6, C13—500 wufd. low. 
600v. disc ceramics. R11—470,000 ohms, 


ceramic low. 

s R14--300 ohms, 10w. 

C9—15 wufd. midget RFC1—2.5-mh r-f choke. 
variable, screwdriver RFC2—60 T on 4” rod 
adjusted APC. or QOhmite Z-50 

C12-—5-20 wufd. per RFC—40 Ton %” rod 
section butterfly or OGhmite Z-144. 


C8—5 umufd. 
NPO 


(Surplus. Similar to Tl— Speaker output 
E. F. Johnson trans. capable of 
#25LB15). carrying 75-80 ma. in 


C1l4—25 wufd. midget primary. Ground one 
variable, screwdriver sidé of voice-coil 
adjusted APC type. winding. Let other 

C16, C21—100 wufd. side float. 
ceramic or mica. Xtal—8-Mc. (Exact- 

C17, C20—-10 ufd. 25v. frequency 1/18 of 


paper electrolytics. 
C18—10 wfd. 150v. 


desired output freq.) 
£ocl—Microphone 


paper electrolytic. connector. 
C22—-16 ufd. 450v. Soc2—-Coaxial cable 
paper electrolytic. connector. 


R1, R4—50,000 ohms, Power plug—4 prong 
Thw. socket. 

R2, R5, R6, R12— Chassis— 5x8x3” 
100,000 ohms, lw. aluminum.’ 


capacitance from the bulb shell to ground caus- 
ing the bulb to glow excessively. A bulb already 
glowing too brightly is useless as a performance 
indicator. Connect the neon bulb by soldering 
a piece of bus wire to the center connection of 
the bulb, wiring the other end of the bus wire 
to the plate connection of the class C final tube 
socket. The 1 megohm resistor is soldered to 
the base shell connection of the bulb. These 
connections also give adequate physical support 
to the bulb. This neon indicator will seldom 
need replacing when installed in this manner. 


ts) 


Be Conclusions 


_ The 28-9 has several advantages over other 
‘transmitters. The filament and power supply 
‘drain on the car battery is low. The transmitter 
and vibrapack consume about 10 amperes from 
a 6 volt battery including filament and relay 
‘currents. The W6WYA 28-9 installation (trans- 
mitter and receiver) has operated in continuous 
‘contact for as long as six hours on the Rambler’s 
‘one and only battery, and yet the battery started 
‘the car with no difficulty. The rig has full high- 
level modulation with speech bandpass quality 
audio. All the audio power is concentrated on 
the speech frequencies necessary in “getting 
through.” 

The cemplete circuit is simple and foolproof. 


just don’t appear. The control panel is an in- 
tegral part of the chassis. The transmitter can 
be built small enough to be placed within easy 
reach beneath the dash of almost any car with- 
out sacrificing leg room. The appearance of 
the neatest car is not affected in any adverse 
manner. The neon lamp is a very effective per- 
formance evaluator. At a glance one can 


mobile transmitter, showing 


| 
| 
Fig. 52. Bottom view of 2 meter 
placement of major components. 


When the wiring is kept short, the usual bugs 


Fig 51. A 12 watt 2 meter 
mobile phone transmitter. 


interpret antenna loading, final tuning, modula- 


tion and grid drive. To change frequency it is 
necessary only to change the crystal and 
resonate the plate tuning for maximum bDril- 
liance of the neon glow lamp. The accessibility 
of the crystal socket on the front of the chassis 
makes easy a quick change of crystals. 

When the loading is adjusted to where the 
plate current dip is reasonably pronounced, the 
set has negligible harmonic radiation. The 
original transmitter, without additional filtering, 
causes no TVI when located 50 feet or so from 
the TV antenna. 

The overall circuit is simple and reliable. It 
contains no parts which are not needed. If good 
construction techniques are used, there are no 
areas of probable equipment failure. 


Fig. 53. Coil Winding Data for 2 meter 
transmitter. 


L1—10t., %” dia. (part of B&W Miniductor 
L2—8t., %” dia. (part of B&W Miniductor 
#3001, centertapped.) 
L3—4t "#14 enam., on %%” 

Centertapped.) 
L4—l1t., %%” dia. form. 


dia. form, %” long. 
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the 10-meter “Combo” 


it is entirely possible to combine into one 
package all the necessary components to con- 
vert the automobile broadcast receiver into a 
complete 10-meter station. This package would 
consist of a low power plate modulated trans- 
mitter and a sensitive fixed-tuned converter. 
The power supply of the broadcast receiver can 
_ furnish all the power requirements of the unit, 
and the BC whip antenna can be used for a 
transmitting antenna. Such a package is the 
“Combo’’. 

Circuits 


The “Combo” is a combination of W6WYA’s 
“28-9” transmitter and W2AEF’s “Converter- 
ette’’", and the complete schematic is illustrated 
in Figure 42. The transmitter section of the 
“Combo” employs four tubes: a 6J6 double 
triode as a crystal-oscillator/ multiplier which 
delivers 28-Mc. output from a 7-Mc. crystal, a 
6AQS5 p-a stage, a double-triode 12AU7 speech 
amplifier and a 12AX7 class B modulator. The 
cathode current of the 12AU7 is used to pro- 
vide voltage for proper operation of a carbon 
microphone. 

The receiver section of the “Combo” em- 
ploys a 6BJ6 as a fixed tuned r-f amplifier stage, 
and a 6U8 as a mixer/oscillator. The. triode 
section of the 6U8 is tuned to a frequency of 
28.0-Mc. providing a coverage of 28.5-29.6 
Me. on the dial of the automobile receiver. 

As previously indicated, the broadcast re- 
ceiver is called upon to furnish power for both 
transmitter and converter sections of the 
“Combo”. The supply should be capable of 
carrying an intermittent load of 300 volts at 
100 milliamperes. If the automobile receiver 
is incapable of this power output, a separate 
vibrator supply must be used to run _ the 
“Combo’’. 

Since most car receivers employ a resistance- 
capacity filter that is not suitable for trans- 
mitting purposes, it is necessary to add a relay 
to the “Combo” to switch the B-plus lead of 
the receiver so that a choke-capacitance filter is 
substituted when the transmitter is in use. This 
relay also silences the receiver when the trans- 
mitter is in use. Receiver connections to this 
relay are shown in Figure 43. The relay is des- 
ignated Ry-/ in Figure 42. 


Parts Layout 


A top view of the “Combo” is shown in 


Figure 44. An aluminum chassis measuring 
6” x 4” x 2” is used for the unit. At the front 
of the chassis are the 6J6 and 6AQS5 tubes 
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that form the r-f section. These tubes mount in 


holes marked “J” in the layout of Figure 45. 
The two smaller holes between the socket holes 
(marked C and D) are the mounting holes for 
LI and L2. Behind the 6AQS5 tube socket is 


located CH-1, with the 12AX7 modulator tube 


next to it. 

The converter runs along the left rear side 
of the chassis. The 6U8 tube is placed in socket 
hole “K’’, and the 6BJ6 in hole “J’’. Coils L6 


and L7 are mounted between these sockets, 


and L4-L5 is mounted between the 6BJ6 tube 
and CH-1. To the right of the converter sec- 


tion is the 12AU7 speech amplifier tube, and 


next to it is the modulation transformer, 72. 

Three crystal sockets and S$/ are mounted on 
the front of the chassis, along with transmitter 
controls C8 and C9. In the center of the front 
lip of the chassis are J3, J4, JS and J6 and S2. 
Plug Pl and Ji-J2 are located on the rear lip 
of the chassis. 


In spite of its small size the rig is not dif- 
ficult to construct and only standard and readily 


available parts are used. While not essential, 


a small soldering iron (%” tip) is very handy 
for getting into some of the tighter spots where 
the usual %” tip has difficulty. The relay 


(Ryl) shown in the bottom view is a surplus 


item that was on hand; the relay specified in the 


parts list is smaller and should be easier to use. 


No attempt will be made to give a “blow-by- 
blow” description of the assembly and wiring 


procedure; instead, only a general sequence of 


events and an explanation of a few points that 
could cause some trouble. Figure 45 gives the 
principal layout dimensions; they are not quite 


as critical as the figures given would indicate, 
however. The photograph further illustrates 


‘the parts layout and also shows most of the 


wiring. Though the photograph shows shield — 


bases for the 6BJ6 (V5) and the 6U8 (V6), 


these are not required, having been installed 


originally “just in case.” 
4 PIN SOCKET 


CO-AX OUTPUT 
FITTING 


HOLDER 


Fig. 54. Suggested chassis layout plan for 2 meter 


transmitter. 


| 
q 


It is suggested that the first step be to wire 

and test the r-f section, because it is somewhat 
difficult to work on after all the other parts have 
been mounted. Switch SJ is mounted so that the 
spring is on the inside (facing the socket of 
V1); the lugs on the unused half of the switch 
are bent so as to allow the switch to fit nearly 
flush against the chassis walls. If in drilling the 
holes for SJ mounting screws, you drill out the 
chassis spot welds, don’t worry. These same two 
screws will take over the job of holding the 
chassis together. The leads between the crystal 
sockets and the switch lugs should be crossed; 
that is, the bottom lug connects to the top 
socket, the top lug connects to the bottom 
socket and the middle lug and middle socket 
are wired together. By doing this the knob on 
SI will be next to the crystal in use, and will 
- save some confusion when QSY-ing. RFC-2 is 
mounted horizontally and parallel to the front 
chassis wall. One lead is cut to a length of 
about one inch and is soldered to pin 5 of the 
socket of V3 so that the lead is at right angles 
to the chassis bottom. The other lead runs 
horizontally, to J5, laying close to RFC-2. With 
one lead attached to J6, loop R5 up and over 
RFC-2 to pin 6 of the V3 socket. One of the 
last connections to be made will be the lead 
from 72 to R5, right at the body of the re- 
sistor. 

After wiring the r-f section it should be 
_ tested for proper operation. Make temporary 
power connections, plug a 7-Mc. crystal into 
a crystal socket and set S/. Plug a 0-10 ma. 
meter into the 6AQS5 grid current jacks, J3 and 
J4. If a mid-band crystal is used, LJ and L2 
_ may be tuned, locked in place and forgotten. 
_ Grid current to the 6AQ5 should run 3 to 4 ma. 
| The 6AQ5 final amplifier is checked using a 
_ 5-watt light bulb as a dummy antenna, and 
tuning C8 and C9 for maximum lamp bril- 
liance. The value of C/0 will vary with different 
installations, and must be determined experi- 
mentally after the rig is in the car. 

_ Following the r-f section, the converter is 
wired in place. A small aluminum or copper- 
shield is used to separate L5 from L6 and L8. 
The lead between pin 5 of the V5 socket and 
L6 is run through a small hole drilled in the 
shield for this purpose. The heater lead to V5 
runs under the shield in the chassis corner. 
Following the completion of the wiring the con- 

verter is aligned and tested. 
| The first step is to set the local oscillator 
frequency at 28.0 Mc. by listening for the beat 
| in a receiver tuned to that frequency while 
| tuning L8. Two notes of caution: (1) select the 
stronger of the two signals that will be heard— 
| the other is the image; (2) tune L8 very slowly 
as it tunes quite sharply. 

Of course, you can set the local oscillator fre- 
quency as desired, depending on which portion 
of the band you want to cover. The frequency 
of 28.0 Mc. is suggested because the broadcast 
dial will then read directly in kilocycles above 

28 Mc. For example, 28.7 Mc. would be read 


ANT. 
VARY LENGTH TO 
ADJUST SENSITIVITY 


BUILD IN SMALL 
METAL BOX. 


1N34 
EQUIV. sate 
Fig. 55. This untuned r-f indicator is useful in the 
tuning up of transmitters. The strength of in- 
dication will depend on the antenna length 
and the meter sensitivity. 


as 7 (700 kc.) on the dial, 29.2 Mc. would be 
at 12 (1200 ke.) and so forth. The portion of 
the 10-meter band covered will be from 28.55 
Mc. to 29.6 Mc. on most receivers. 

After L8& has been set, feed the converter 
output (using shielded lead) into a receiver 
equipped with an S-meter and tuned to the 
broadcast band. A signal generator of some 
sort is set to approximately the center of the 
10-meter ‘phone band and loosely coupled to 
the converter input. The receiver is tuned near 
the middle of the band (BC band, that is) for 
an indication of converter output as read on 
the S-meter. L5 and L6 are then peaked for a 
maximum S-meter reading. Lock L5, L6 and 
L7 in place and you are through with the con- 
verter. See Figure 46 for coil information. 


Installing the Modulator 


The speech amplifier and modulator sections 
are wired in next. JJ and 72 are mounted 
“back-to-back” on either side of the chassis so 
that one set of mounting holes suffices for both. 
T2 is mounted topside with its leads run 
through grommet-lined holes. 

The modulator and speech amplifier should 
be checked for proper operation before the re- 
mainder of the components are installed. Tem- 
porarily hook up the r-f and speech sections 
and note the variation in brilliance of the light 
bulb dummy antenna as you speak into the 
microphone. | 

Relay, Ry/ can now be mounted and the con- 
nections to L4 and C9 made at this time. Be- 
fore mounting Ryl disconnect the flexible 
lead from the bottom lug on the left-hand side 
of the relay (looking at the top with the relay 
spring facing you). The relay mounting stud 
must be cut off and filed down to the level of 
the nut that secures it. When Ch/ is installed 
it is spaced above the chassis by using other 
6-32 nuts as spacers. The two leads from Chl 
are run through grommet-lined holes in the 
chassis. After Chl is mounted, the power leads 
to Ryl, TI, T2 and R5 can be permanently con- 
nected. As a final step, one end of a heavy 
(#16 is suggested) enameled copper wire is 
wrapped around the end of the circular portion 
of JZ and soldered. Do not use the small tab 
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Fig. 56. Midget 2 meter mobile transmitter. A 
single 6S4 operates as a neutralized class C 
amplifier, modulated by a 6AQ5. Two exciter 
tubes are used, a 12AU7 oscillator multiplier and 
a 5763 doubler. A 12AX7 serves as speech ampli- 
fier. 


on the end of JJ, as vibration will eventually 
cause it to fail. The other end of this heavy lead 
is brought close to Ry/ and is connected to the 
short flexible lead from the relay. This heavy 
lead should, of course, be bent so as to space it 
a reasonable distance away from the other com- 
ponents over which it passes. 

The transmitter portion will load into the 
usual BC whip if desired, but the radiated 
field will be considerably less than if a 10-meter 
whip is used. The 10-meter whip is much pre- 
ferred in spite of the attention it attracts. 


Switching 


In order to keep the XYL’s happy, some pro- 
vision must be made for restoring the broadcast 
receiver to normal, at least some of the time. 
This is done the easy way, by switching the 
receiver input between the converter output 
and the broadcast whip. This is not only the 
easy way, but one which will usually provide 
better reception than if the 10-meter whip is 
used. The switching is done in a small box that 
contains only the switch and four antenna jacks 


Fig. 57. Under-chassis view of 654 
transmitter. Major portion of wiring 
may be done with leads of various 
components. Point-to-point wiring 
and use of miniature components 
permit compact layout without 
crowding beneath the chassis. 
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(see Fig. 47). This method has a disadvantage ~ 


in that it leaves the converter in operation even 
when listening to the BC band but obviates 
the headache that several cables and a few jacks 
and plugs would produce. This is considered a 
satisfactory solution to the problem, since the 
drain is quite small and doesn’t hurt the con- 
verter. In fact, the transmitter filaments are 
so seldom turned off that S2 could easily be 
omitted. 


Installation 


Installation is not quite the proper word in 


this case—you merely “hang it on.” For exam- 


ple, the author’s rig rides on the floor under the 
front seat. Only some old popcorn bags had to 
be removed to make room for it. It is not 
fastened down in any way, an arrangement that 
allows it to be removed for servicing, or display 
to the curious, in a matter of seconds. The 
power cable, a-v-c lead and converter output 
cable all run under the front floor mat to a 
point behind the instrument panel; a socket 
mounted on the receiver (the only real instal- 
lation required) takes the power and a-v-c leads 
while the converter output goes to the switch- 
box. 
The lead to the antenna runs under the rear 
floor mat and seat, through the trunk, to the 
antenna. The author’s car has a “tunnel” over 
the drive shaft and by laying the leads in close 
to the base of this tunnel they go completely 
unnoticed. 


Tune-Up 


Tune-up procedure for the transmitter is 


standard. LJ and L2 are tuned for maximum — 


grid current, C8 is tuned for plate current dip 
and C9 is tuned for proper loading, the last two 
as read on a 0-50 ma. meter in the plate cir- 
cuit of V2 (CAUTION: the meter is at B plus). 


The value of C10 is determined by setting — 


C9 at mid-capacitance and placing a large va- 


riable condenser in parallel with it. Tune the 


temporary condenser for proper loading, deter- 
mine the value to which it has been set (using 
a capacity bridge, grid-dip oscillator and fixed 


coil, or other means) and then replace it with 
a small mica condenser of equal value. Sub- 
sequent tune-ups are made using C8 and C9 
only. 

The easiest way to tune the transmitter is 
with the aid of a field strength meter. With 
the wavemeter (Figure 48) tuned to 10 meters, 
the transmitter can be tuned up by adjusting 
C8 and then C9 to obtain the maximum reading 
on the indicator of the wavemeter. The meter 
also affords a means for monitoring the trans- 
mitter output. The value of C/O can be de- 
termined more readily if the field strength 
meter rather than a plate meter is used to 
determine proper loading. 


the Class K Modulator 
for Mobile Transmitters 


One of the most expensive items in a plate 
modulator is the modulation transformer. You 
can avoid this expense by using control-grid, 
screen-grid, or suppressor-grid modulation, but 
these methods lose out on the basis of carrier 
efficiency. Or, if you are ambitious, you can go 
single sideband. 

On the other hand, if you have an ordinary 
filter choke in the junk box, and if you have 
the required tubes, resistors, and condensers, 
you can go class K. Class K modulation is by 
no means revolutionary; it compares in plate 
efficiency and physical size to a conventional 
class AB: stage. But it uses no modulation 
transformer. 


Class K Modulation 


As described in the October, 1953, issue of 
CQ, the class K modulator is a high-level Heis- 
ing system employing an _ audio-controlled 
- modulator-screen clamp tube. A filter choke 
is used in place of a modulation transformer, 
and the modulator tube is operated class AB». 
The class K system is not screen modulation; it 
is not efficiency modulation; it is not low-level 
modulation. It is high-level plate modulation. 
Briefly, this is how it works: 

: As shown in the schematic (Figure 49) the 
- modulator tube (V4) is choke coupled to the 
plate circuit of the final amplifier. A clamp tube 
(V3) in the modulator screen circuit derives its 
control voltage from the driver tube (V2) out- 
put circuit. The modulator tube is virtually 
zero biased. 
_ The audio is applied simultaneously to the 
modulator grid and to the grid circuit of clamp 
tube V3. The grid-leak bias developed across 
_ R1O in the clamp-tube grid circuit reduces the 
average plate current of the clamp tube. The 
current through R// is thus reduced, and the 
modulator screen voltage rises. Condenser C8 
in the modulator screen circuit prevents the 
screen voltage from varying at an audio rate 


composed of the miniature 6S4 transmitter and 
a dual voltage vibrator power supply. 


but allows it to vary at a syllabic rate. The 
modulator plate current is therefore a function 
of the applied audio voltage and is no greater 
than necessary for a given audio level. 

This class K system is similar to the bias- 
shift system in that the modulator plate dissi- 
pation is limited to the value required by the 
audio level. In the bias-shift system, the modu- 
lator plate current is controlled by change of 
the control-grid bias voltage, while in the class 
K system, the screen grid is used to control the 
modulator plate current. The bias-shift system 
might be applicable to a modulator of this kind, 
but it requires a fixed-bias supply, a rare com- 
modity in mobile transmitters. The class K 
system uses no bias supply. 

The grid of V4 is zero biased so that a high 
modulator plate current can be obtained within 
a reasonable excursion of the screen voltage. 
Zero biasing the modulator requires that the 
driving source supply grid losses on the posi- 
tive half cycle. In the circuit shown in the 
schematic Fig. 49, a cathode follower is used as 
a driver to minimize the source impedance 
offered to the modulator grid. The driver plate 
current is unfortunately high (about 40 ma.); 
but if you can think of a more satisfactory 
method to drive the modulator, more power 
to you. 

The bias developed across 1000-ohm grid 
resistor RY is negligible. 


The Transformerless Modulator 


The circuit shown in the schematic diagram 
modulates 50 watts with a single 6L6. A class 
A 6L6 will normally modulate no more than 
20 watts, but used in the class K circuit, the 
6L6 delivers over twice its normal rated out- 
put; and its plate dissipation is not exceeded. 
Perhaps this circuit will modulate more than 
50 watts, but the transmitter with which it was 
used would load to only 50 watts. 

Although it was designed primarily for use 
with a mobile transmitter, with a few modifi- 
cations you can use this modulator just as 
easily in a fixed-station rig. All that is re- 
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C3—7 uuf. ceramic trim- Coils are separated by turns #18e. spaced to L5—2 turns #18e., 14” M—0-10 d.c. milliammeter pros) J. W. Miller 4612 
mer Centralab _822-EZ removing one turn fill winding area diameter. Fits between (8.1 ohms resistance) RFC3( 10 microhenry 
C4—35 uuf ceramic trim- from coil. Coil is 4%” L3—CTC-LS5 form. 4. center turns of L4. T1I—5 watt modulation RFC2__Ohmite 2-144 ~ 
mer Centralab 827D diameter and 1” long. turns #18e, spaced to Pl, P2—Erie 1404-02 cer- transformer. 10K pri., —Ohmite 2- a 
SO-1—4 prong receptacle = 


p-2 


NOTE: PUSH-TO-TALK 
CIRCUIT INOPERATIVE 
ON AC. 


40 V 
Ac 


CONTROL LINE 


T1—300 volt, 150 ma. S$0O1—Cinch-Jones §S-315 
vibrator transformer. AB 
with 110 volt winding. P1, P2—Cinch-Jones P- 
Merit P-3176. 315CCT 

CH1—12 H at 150 ma. RFC1—21%4 mh. National 
Merit C-3194 R-100 


RFC2—4 microhenry. J. 
W. Miller 5221 


VIB—Mallory 294 
RY1—Automobile 
relay 


horn 


Fig. 60. Schematic, dual primary power supply 
for 2 meter 6S4 transmitter. 


quired for operation with a crystal microphone 


is that the existing microphone circut be short- - 


ed and the crystal microphone be connected 
from the grid of V/a to ground. In this case, 
a 3.0 megohm resistor should be connected 
across the microphone circuit. Then if you want 
better low-frequency response, use a higher 
capacity for C/ and C5. 

The network consisting of C3, R5, and C4 
is a dynamotor hash filter for the speech ampli- 
fier. If a conventional filter network using a 
filter choke were used, either in a mobile or 
fixed-station power supply, the RC filter net- 
work would probably not be necessary. 

The driver tube (V2) could have been de- 
signed as a conventional grounded-cathode am- 
plifier, transformer coupled to the modulator 
tube. However, the cost of a driver transformer 
is greater than the cost of the choke, condenser, 
and resistor combination. The use of L/C/R 
coupling between the driver and modulator 


eliminates the need for even one transformer 
in this modulator. 


The bias for the cathode follower (V2) is 


_ provided by the voltage drop across L/. There- 
fore, the d-c resistance of L/ must be close to 


the value shown. A plate and screen current of 
about 45 ma. flows through V2 and L/, provid- 
ing a bias of close to 15 volts. 

The clamp tube swings the modulator screen 
voltage between 30 and 175 volts. The values 


of R12 and R13, the clamp tube screen voltage 
divider were chosen to provide an adequate 
modulator screen voltage swing and at the same 
time a minimum modulator resting plate cur- 
rent. The modulator plate current swings be- 
tween 20 ma. and 80-100 ma. The final ampli- 
fier plate and screen current is approximately 
150 ma. The minimum current indicated by 
M1 is therefore about 170 ma., and the maxi- 
mum is about 240 ma. 

Modulation choke (L2) should have an in- 
ductance of at least 5 henries and a current 
carrying capacity equal to the final amplifier 
plate current plus about one-half the modulator 
plate current. The lower the resistance of this 
choke, the less power it will consume in need- 
less heat dissipation. 

Parallel tubes were used in the final ampli- 
fier stage so that a high value of plate current 
could be drawn with a plate voltage of only 
350 volts. Values shown in the amplifier screen 
and plate circuit are suitable for parallel 6L6’s 
or 807’s. The values for other components used 
in the modulator circuit are not critical. 

Oscilloscope measurements indicate that the 
circuit provides about 90 percent modulation 
for a power input of 50 watts to the final am- 
plifier stage. Tests conducted on the air indi- 
cated the quality was good and that the modu- 
lator had the high-frequency response neces- 
sary for “cutting through” the QRM. 
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a Simple 2-Meter 


Mobile Transmitter 
(described by Ray Fulton, K6BP) 


This 144-Mc. transmitter was built after I 
was asked if I could design a really low-drain 
model with still enough output to be practic- 
able. I said that I could—if I had the time. The 
whole matter remained in this status until I 
began hearing things like, “Well, I guess you 
really can’t do it, after all.” Thus challenged, 
I got busy, and the pictures and the wiring 
diagram (Fig. 50) show the finished result. 

Power requirements are 125 milliamperes at 
300 volts, d.c., or 100 milliamperes at 250 volts 
plus 6.3 volts at two amperes, a.c. or d.c. These 
are the total power requirements for both the 
r.f. and audio sections of the transmitter. At 
300 volts, the final amplifier plate current is 40 
ma., which equals 12 watts input. Output is six 
or seven watts, or about double that of the 
SCR-522 surplus transmitter with its much 
greater current requirements. While the 522 
will almost burn out a No.-47, 6-volt pilot bulb, 
this transmitter will burn out one bulb and 
almost burn out two connected in parallel. 

Connected to my large corner reflector beam, 
S9 reports over distances of 100 miles and more 
are quite common with this transmitter. As a 
mobile transmitter, feeding a 19-inch “spike” 
antenna, many sixty to seventy mile contacts 
have been made from good locations. 


The Circuit 


From its initial appearance on the market, I 
had been attracted to the 12BH7. Its charac- 
teristics looked “two meterish,” if you know 
what I mean. So I decided to give it a trial, 
as a final amplifier, with the results already 
described. But reverting to the front of the 
transmitter, the first tube is an old favorite of 
mine, the 12AU7. One-half of it is used with 
8-Mc. crystals as an untuned Pierce oscillator. 
This circuit was chosen for simplicity and re- 
liability. With good crystals it “starts” every 
time, and that is important. The oscillator 
drives the other half of the 12AU7 as a 24-Mc. 
tripler, which drives a 6BA6 as a second tripler 


Fig. 61. 


source. 
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The 10-6 Packset is a miniature transmitter-receiver 
designed for operation on the 28 Mc. and 50 Mc. amateur bands. 
Either 6-volts d.c. or 117-volts a.c. may be used as the primary 


h. by 


to 72 Mc. This gives us 72-Mc. output using 
only two tubes and two tuned circuits. 

The 6BA6 won out as the second tripler after 
testing a number of other tubes in this posi- 
tion. It develops sufficient output to drive the 
12BH7, without drawing a great deal of plate 
current. Also, it does not go “flat” with 300 
volts on its plate. 

Finally, the 72-Mc. tripler drives the 12BH7 
as a push-push doubler to 144-Mc. Note that 
no two stages in the r-f section are on the 
same frequency. Self-oscillation is, therefore, 
virtually impossible. You get crystal-controlled 
output, or no output at all! 

Examination of the audio frequency portion 
of the circuit reveals that a crystal microphone 
is used instead of the single-button carbon 
microphone often employed with low power 


-144-Mc. transmitters. The crystal microphone 


results in much better speech quality and elimi- 
nates the necessity of supplying d-c micro- 
phone current, as required with a carbon mi- 
crophone. This also eliminates a source of hum 
modulation in mobile transmitters that fre- 
quently develops when microphone current is 
obtained from the automobile battery. Be sure 
that a ceramic-type crystal microphone that is 
immune to moisture is used for mobile op- 
eration. | 

A 6BA6 serves as the microphone ampli- 
fier and drives a 6AQ5 as a modulator. The 
output of the 6AQS is choke coupled to the 
12BH7 modulated stage by means of a replace- 
ment-type speaker output transformer, which 
acts as a Heising modulation choke. 

The only “bug” that developed in the trans- 
mitter was a trace of audio feedback that 
showed up when it was first placed in opera- 


tion. Shielding the first audio tube and adding 
two condensers (C/6 and C2/) eliminated the 
feedback. 


Construction 


Top and bottom views of the transmitter are 
shown in Figures 51 and 52. The transmitter 
is built upon a 5” x 8” x 3” aluminum chassis, 
with lots of room to spare, though I do not ad- 
vise crowding it upon a smaller chassis. All 
components, except tubes and connectors are 
mounted beneath the chassis. 

Layout is straightforward. The r-f tubes and 

tuned circuits are evenly spaced in a line across 
‘the back of the chassis. The crystal socket is 
mounted vertically on the left end, and the 
coaxial output connector and the antenna 
condenser, C/4, are mounted on the right end. 
The front half of the chassis is occupied by 
the audio components. The microphone con- 
‘hector is mounted on the left end in a position 
to keep the connection between it and the con- 
trol grid of the 6BA6 (pin J) short. TI is 
mounted under the chassis, to the right of the 
6AQ5 socket and in front of the 12BH7 socket. 
This layout keeps critical components well 
separated, at the same time, keeping connect- 
ing leads short. 

Possibly the only component mounting which 
cannot be determined by inspection of the pic- 
tures is C9, the 72-Mc. tuning condenser. It is 
a single-ended condenser tuning a circuit that 
‘must supply balanced excitation to the push- 
pull grids of the 12BH7. Therefore it must be 
insulated from the chassis and spaced well away 
from it, to minimize capacity unbalance. 
Spacing is increased beyond that provided by 
the normal mounting studs by slipping spacing 
washers over the mounting screws between the 
chassis and the studs. This condenser must be 
adjusted with a non-metallic screwdriver or 
neutralizing tool. . 

_ All tuning condensers are ceramic insulated 
and with the exception of C/2, the 12BH7 
plate condenser, are screwdriver adjusted 
APC’s. C12 is a surplus butterfly condenser, 
similar to the Johnson 25LB15, 25-ypfd. per- 
section butterfly. 

_ Wiring presents no particular problems. This 
being a v-h-f transmitter, the important thing 
is to keep all leads in the r-f section to a mini- 
mum length. This is best accomplished by 
sticking fairly close to the specified components 
and to the arrangement used in the original. 
It has been duplicated by several W6 amateurs, 
all with excellent results. Use solid wire for 
the r-f connections. Most of the smaller com- 
ponents are supported by their leads, with a 
mumber of insulated “tie points” employed 
where necessary to eliminate the possibility of 
parts flopping around. 

_ Be careful in wiring the 6BA6 stage r-f plate 
circuit, to minimize capacity unbalance. Con- 
nect the 6BA6 plate (pin 5) to the stator of 
C9, and connect L2 directly across the rotor and 


Sa 8 Bi ous 
Fig. 62. Top view of the transmitter deck. The 
r-f components are to the front of the chassis, 
with the modulator in the center, and the power 
supply components at the rear. Placement of 
major parts is shown in Figure 66. 


stator terminals of the condenser. Feed the 
6BA6 plate voltage into the center of L2 
through RFC2, and connect C8, a 5-yyfd. cera- 
mic condenser, between the rotor of C9 and the 
coil center trap, to compensate for the output 
capacity of the 6BA6 across the other half of 
the coil. . 

Centertap both L2 and L3 just as accurately 
as possible for best results. Consult Figure 53 
for coil information. 

Connect the 12BH7 grids (pins 2 and 7) to 
the terminals of C9 through the 100-yyfd. 
ceramic condensers, C/O and C/1. Then ground 
each grid terminal through the 100,000-ohm re- 
sistors, R5 and R6. Proceeding to the 12BH7 
plate circuit, tie the two plates (pins 1 and 6) 
together, and connect another wire from the 
center of this wire to the nearest stator terminal 
oF C2: 

Connect L3 across the stators of C12. Feed 
the 12BH7 plate voltage to the center of the 
coil through RFC-3 from T/ and the plate ter- 
minal (pin 5) of the 6AQS, bypassing the tap to 
the chassis with a 500-uyfd. ceramic condenser 
(C13). Some transmitters give more output 
with this condenser omitted; therefore, arrange 
the wiring so that it can be disconnected, to 
determine whether it should be left in or re- 
moved during preliminary tests. : 

The antenna coupling coil, L4, consists of a 
single turn around L3. One end of it is sup- 
ported by the center terminal of the coaxial 
output connector and the other end by the 
stator of C14. The rotor of C/4 is then ground- 
ed to a lug under one of the screws fastening 
the coaxial fitting to the chassis. 

In wiring the audio amplifier, only the 
particular precautions dictated by normal good 
practice are required. Keep grid and plate cir- 
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cuit components of the two tubes well separated 
and all leads short. As mentioned earlier, some 
audio feedback developed at first, but was 
cured by the addition of CJ6 and C2J across 
the input and output circuits. Chassis layout is 
shown in Figure 54. 


Tuning the Transmitter 


After the transmitter is completed and the 
wiring checked, it may be tuned. A calibrated 
grid-dip meter or a wavemeter is invaluable in 
making certain that the various tuned circuits 
are actually on the proper frequency. 

Another handy tuning aid for use with this 
and any other transmitter is the untuned field- 
strength meter diagrammed.-in Fig. 55. It con- 
sists of a low-range milliammeter, a crystal 
diode, an r-f choke, a mica condenser, and a 
short pick-up antenna. A meter with up to a 
5-milliampere movement may be used; how- 
ever, the more sensitive the meter the better. 


> 


Preliminary tuning should be done with re- 


duced plate voltage applied. Start with the 
oscillator, disconnecting the plate voltage tem- 
porarily from the 6BA6 and 12BH7. The os- 
cillator requires no tuning, but it can be 
checked for proper functioning by a deflection 
of the milliammeter in the field-strength meter 
when its pick-up antenna is brought near the 
plate or grid terminal of the oscillator and by 
tuning the station receiver to the crystal fre- 
quency and hearing the signal being generated. 

Next, adjust C3 for 24-Mc. output from the 
second section of the 12AU7. If duplicates of 
the original parts are used, resonance at this 
frequency should occur with the plates of C9 
just a bit over one-third meshed. Use the field- 
strength meter to indicate maximum output 
and the wavemeter or grid-dip meter to insure 
that the stage is actually tuned to 24 Mc. 

Apply plate voltage to the 6BA6 and reso- 
nate its tank circuit to 72 Mc. in the same man- 
ner. Resonance should occur near minimum 
capacity of C9. 

Now, connect two No. 47, 6-volt pilot bulbs 
in parallel to the output connector of the trans- 
mitter and apply plate voltage to the 12BH7. 
Adjust C/2 for maximum output, as indicated 
by the brightest glow from the bulbs. Then, 
work back and forth between C/2 and C/4 for 
a further increase in output. After the trans- 
mitter has been tuned up at low plate voltages, 
the full voltage may be applied and the tuning 
given a final touch up. 

Trying to tune up the transmitter, especially 
the output stage, by observing plate current 
dips at resonance is not likely to be too suc- 
cessful, because they are very slight. However, 
tuning with the aid of a field-strength meter is 
both simple and effective. 

Substituting the transmitting antenna for the 
light-bulb dummy antenna will probably re- 
quire re-adjustment of both C/2 and C/4. 
Again, the best indication of proper tuning will 
probably be the field-strength meter reading. 
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Transmitter Coils (Pack-set) 


L10—13 turns #24 on 
spaced %-inch. 
L11—6 turns #16 on 
spaced %4-inch. 
L12—2 turns insulated hook up wire interwound 

at cold end of L11. 


T3—power transformer 
Core: 114-inch stack, l-inch center leg lami- 
nations #24 gauge dynamo grade iron inter- 
leaved 2x2. 
130v. secondary wound next to the core 800 
turns #30 enameled wire. 
110v. primary 640 turns #26 enameled wire 
6.38v. secondary wound outside with 42 turns 

#16 enameled wire—center tapped. — 


%-inch polystyrene rod 


1%-inch polystyrene _rod 


Figure 63. 


The purpose of C/4 is to tune out the re- 
actance introduced into the coupling link by 
the antenna. With some antennas, I have found 
it to be a great help in getting maximum power 
into them. With others, it is of little help, al- 
though it does afford a convenient means of 
varying antenna coupling. | 

There is one precaution to be observed when 
using the field-strength meter. Do not move 


around physically while using it. Doing so can 


cause a large variation in the meter reading, 
especially when the power to operate the meter 
is obtained from the power radiated by the 
transmitting antenna. 


Power Supplies 


For fixed station use, a 117-volt, a-c supply, 
capable of delivering 250 to 300 volts d.c., at 
100 to 125 milliamperes and 6.3 volts a.c., at 
two amperes will power the transmitter. About 
another ampere of filament current and some- 
what more. plate current will be required, if 
the 6BK5 is substituted for the 6BA6 frequency 
multiplier. 

For mobile operation, a vibrator-type power 
supply may be used. At 250 volts, the total cur- 
rent drawn from a six-volt battery by the fila- 
ments and the plate supply will be around 
eight to nine amperes. This assumes a normal. 
vibrator supply efficiency of about seventy per 
cent. At 300 volts, the battery drain will in- 
crease to around twelve amperes. 


a Midget 2-Meter 
Mobile Transmitter — 


Shown in Figures 56, 57 and 58 is a small 
crystal controlled 144-Mc. transmitter designed 
for either mobile or fixed operation. Employ- 
ing a universal power supply, this transmitter 
will operate either from a 6-volt d.c. source, or 
the usual 115 volt house mains. Power output 
of the transmitter is in excess of 4 watts. 


Me ane 


The Circuit 


The schematic of the transmitter is shawn 
in Figure 59. Five tubes are employed, three 
in the r-f section and two in the audio section. 
A 12AU7 is employed as an overtone oscil- 
lator, delivering 36-Mc. output from a 7-Mc. 
overtone crystal. 7-Mc. crystals of good activity 
should be employed. In this transmitter, a 7.33- 
Mc. crystal is normally used, operating on its 
fifth overtone at 36.6-Mc. The second section 
of the 12AU7 acts as a frequency doubler from 
36-Mc. to 72-Mc. Following the 12AU7, a 
5763 pentode operates as a frequency doubler 
from 72-Mc. to 144-Mc. The final amplifier 
3tage is a 6S4 television sweep triode operating 
as a neutralized class C amplifier at 144-Mc. 
_ A 12AX7 serves as a two stage speech ampli- 
jer, Operating from a single button carbon 
nicrophone. The microphone is inserted in the 
-athode circuit, using the plate current of the 
irst half of the 12AX7 for microphone excit- 
ng current. If desired, a midget microphone 
transformer may be used in the input circuit 
o provide additional audio gain. The speech 
umplifier drives a single 6AQS5 operating as a 
ransformer coupled class AB modulator stage, 
which is capable of 100% modulation of the 


BSA class C amplifier. 


The Power Supply 


pew. schematic of the dual primary power sup- 
ply is shown in Figure 60. A double winding 
a transformer operates either directly from 
he 115 volt line, or from a 6-volt .vibrator, 
pperating from the automobile supvly system. 
ser of the primary system may be made by 


Inserting the correct power vlug into the Jones 


Fig. 64. Bottom view of transmitter chass's. 
ef coils of transmitter are wound on Lucite 
forms and are mounted behind C40 and C44. 
Placement of major components is shown in 


Fig. 65. 


hee rf pov Se 


Fig. 65. Transmitter chassis bottom layout. 


SOCKET 
MOUNTING 


receptacle mounted on the rear of the power 
unit. An output of 300 volts at 150 ma. may 
be obtained from the suvvly. Connection be- 
tween the suvvly and the transmitter is made 
via a 4-wire cable. 

A three circuit microphone jack allows the 
use of a “push-to-talk” microphone which ac- 
tuates the d.c. circuit relays in the power unit. 
For a-c operation, a standby switch is actuated 
in the center-tap lead of the power transformer. 
A “D.C. On” switch in the power supply cir- 
cuit permits the transmitter and supply to be 
disconnected from the d-c circuits without the 
necessity of disconnecting the storage battery 
leads. To allow operation of the antenna relay 
on either a-c or d-c, a 300 ohm d-c relay coil is 
used, which is placed in series with the B-plus 
supply to the r-f section. Thus, when plate cur- 
rent is drawn by the transmitter, the relay is 
actuated. The relay used in this transmitter is a 
surplus item salvaged from a defunct SCR- 
274N “Command” transmitter. 


Transmitter Construction 


The r.f. and audio sections of the transmitter 
are built upon a channel-type aluminum box 
measuring 2” x 4” x 6” in size. The top view 
placement of parts is shown in Figure 56. 
Across the front of the chassis (to the left) are 
the 12AU7 crystal oscillator, the 7-Mc. crystal 
and the 12AX7 speech amplifier. The 6AQ5 
modulator is directly behind the speech ampli- 
fier socket, and the 5763 doubler tube is be- 
hind the crystal socket. The doubler coil, L2, 
is located between the crystal oscillator tube 
and the 5763. To the right of the 5763 is the - 
doubler coil, L3, and the 6S4 outvut tube. 


‘Behind the 6S4 is the shaft of the amplifier 


plate circuit tuning condenser, C2. At the rear 
of the chassis is the modulation transformer, 
TL. 

Mounted on the rear lip of the chassis are 
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Fig. 66. Transmitter chassis, top layout. 


the power plug, the two miniature coaxial 
jacks for the antenna circuit, and the antenna 
resonating condenser, C4 

Located on the front of the transmitter, 
Figure 61, are the plate milliammeter, the 
meter selector switch, the oscillator tuning con- 
trol, CJ, and the microphone jack. 

Placement of the major parts beneath the 
chassis may be seen in Figure 57. The double 
winding oscillator coil, LJ, is mounted above 
the oscillator tube socket, held in position by 
its leads. Between the antenna changeover 
relay and the power plug on the rear chassis 
is the p-a tank coil, mounted by its leads to 
the stator connections of C2. The components 
forming the R/C coupling circuit between the 
12AX7 and the 6AQ5 take the form of an 
Erie 1404-02 printed circuit plate that is 
mounted by its leads between the two respec- 
tive tube sockets. In this particular transmit- 
ter, a microphone transformer was employed, 
and a 6AB4 was used as a single speech ampli- 
fier stage instead of the two-stage 12AX7. 

The 500 pyfd. bypass condensers indicated 
in Figure 59 are base mounting “button” mica 
units which take up very little chassis space. 
All wiring is point-to-point, and care should 
be taken to permit the r-f leads to be as short 
as is possible. 


Transmitter Adjustment 


When the wiring has been completed and 
checked, the 12AU7 oscillator tube and crystal 
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may be inserted in their sockets. Coil L2 may 
be tuned to 72-Mc. with the aid of a grid-dip 
oscillator after the 5763 has been placed in 
its socket. Once the oscillator is working, a 
60 ma. flashlight bulb soldered to a one turn 
loop of wire may be coupled to the r-f coils 
to determine maximum output of the various 
stages. 

When the doubler stages are functioning, the 
6S4 tube may be placed in its socket, and the 
B-plus lead from the plate r-f choke to L4 
should be temporarily opened, removing B-plus 
voltage from the 6S4 tube. The meter switch 
should be set to read the grid current of the 
6S4, and the exciter stages should be tuned so 
as to produce from 3 to 5 ma. of grid current 
reading upon the meter. If plate tuning con- 
denser C2 is now tuned through resonance, 
the grid current of the 6S4 will show a definite 
“kick”. The ceramic neutralizing condenser C3 
should be then tuned so as to eliminate any 
reaction upon the grid current when the plate 
tank circuit is tuned through resonance. After 
this adjustment is made, the plate wire may 
again be connected to the center of L4. An 
antenna should be connected to the transmit- 
ter, and the coupling between the antenna coil 
and L4, along with the setting of C4 should be 
adjusted for a plate current of 35 ma. to the 
6S4. The audio tubes may now be placed in 
their sockets and modulation applied to the 
transmitter. 

As a final neutralizing check, the 5763 tube 
should be pulled from its socket, and the r-f 
output of the transmitter should drop to zero. 
If it does not, C3 may have to be readjusted 
slightly. Do not let the 6S4 run any length ol 
time in this fashion, as it is operating without 
bias, a condition which will damage the tube 
if it persists for more than a few seconds. 


the 10-6 Packset os ; 


The FCC -regulations governing the opera: 
tion of amateur radio outline, in effect, that the 
amateur should use his hobby in the public 
interest. Most Hams like to do this simply to 
put their equipment to good use. Ham band 
communication is now almost taken for granted 
in times of flood and storm disaster and is com- 
ing to be more relied upon for a considerable 
part of the communications needed in civil de- 
fense. The amateur also puts his gear to good 
use in other less important ways for the benefit 
of others. At the same time he enjoys himself 
providing communication at model airplane 
meets, auto races, parades, golf tournaments, 
boat races and many civic activities where 4 


_roving reporter is helpful to the general cause. 


The mobile rig plays a big part in all these 
activities but quite often the need arises for 
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Fig. 67. Wiring schematic and parts list of the 
transmitter section of the ‘“Packset.” 


ome portable gear that can be easily carried 
nd set up at a remote location. Civil Defense 
planning calls for emergency powered rigs that 
ae be readily taken wherever they are needed. 
The “Packset” is one answer for equipment to 
eet these requirements. 


Basic Requirements 


The Packset shown here incorporates many 
features found necessary or desirable in this 
type of gear. The design is based on ideas and 
suggestions given by a number of amateurs who 
ave had to use emergency equipment in the 
past. The design incorporates these specifica- 
tions: 

1. The equipment should operate from 6-volt 
battery or 117 volts a.c. 

2. The power supply should be an integral part 
_ of the unit. 

3. The entire Packset should be in one small 
/ cabinet. ; 

4. The antenna should mount on the cabinet 
with provision for feeding a remote antenna 
as might be required. 
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R28—47,000 ohms, Jw. 

R29, R38—100,000 ohms, 
Tow. 

R30—1000 ohms, '%w. 

R31, R34—5 megohms, 
low. 

R32—27,000 ohms, Iw. 

R33—4700 ohms, iw. 

R35—2200 ohms, 14w. 


R36, R39—270,000 ohms, 
low. 


R37—68,000 ohms, lw. 
R40—330 ohms, lw. 


R41, R42—100 ohms, 
low. 

R43—10,000 ohms, lw. 

C37, C41, C43, C45— 
0.005 ufd., disc 
ceramic. 

C38, C39, C42—100 uufd., 
ceramic (Erie GP1K). 

C40, C44—100 upufd., 
APC variable 
condensers. 

C46, C50—25 mufd., 25v. 
electrolytic. 

C47, C49, C51, C52—0.01 
ufd., disc ceramic. 
C48, C48A—10-10 wfd., 
450v. can type 

electrolytic. 

C53—0/5 mufd., 100v. 
generator type 
by-pass. 

C54—0.1 wfd., 600v. 
paper. 

C55, C55A—40-40 wfd., 
450v. can type 
electrolytic. 


PUSH-PULL OUTPUT 
TRANSFORMER 
VOICE COIL WINDING 

NOT USED 


Sw8 


PA 


T2—8w. push pull output 
transformer (Stancor 
A-3823). 

T3—Power transformer 
(see text). 


Ch1i—85ma. choke not 
over 2-inches wide 
(Stancor C-1709). 

J5—pin jack Motorola 
type. 

J6—4 prong jones socket 
#S304AB. 

J7—female end of TV 
accessory cord. 

J8—single circuit emike 
jack. 

J9—two lug screw 
terminal board. 

Sw7—8 amp. d.p.d.t. 
toggle switch. 

Sw8, Sw8a—d.p.d.t. 
wafer switch (Centra- 
lab #2003). 

P1—Motorola pin type 
antenna plug. 

Nel, Ne2—#2, 1/25 watt 
neon bulbs with leads. 

RFC1—2.5 mh. RFC. 

RFC2—50 turns #28 on 
\4-inch form. 

RFC3—hash choke, 3 
layers #14, 114-inch 
long on 14-inch form: 

Vibrator—Mallory 1501 
or equivalent. 

Rect.—dual selenium 
100 ma., 160¥v. 
(Federal 100A). 

Xtal—7Mce. for ten 
meters, 8Mc. for six 
meters. 
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Fig. 68. Top view of receiver section. The sim- 

plicity of this excellent receiver is apparent in 

this view. Placement of major components is 
shown in the drawing of Figure 73. 


5. Operation to be on both ten and six meters. 

6. The design should be as simple as possible 
so anyone could build it. 

7. The controls should be as few as possible 
and uniform so any authorized amateur 
could operate it without a book of instruc- 
tions. 

8. The cost should be reasonable. 

The finished Packset is modern and up to 
date while at the same time not too compli- 
cated for the average Ham to build. Even at 
the current market cost of $90 for parts for the 
complete unit, the outlay of cash isn’t too bad 
when you consider that while waiting for some 
emergency to arise, the rig can be used for a 
mobile job, and even makes a dandy high-fre- 
quency station for the shack. With an outside 
antenna you can work out very well on these 
frequencies with 6 watts input. The choice of 
Operation on ten and six meters was made after 
considerable thought on the subject. We have 
to face existing facts. Ten meters is a popular 
band, especially for mobile, and communica- 
tions with them is a must, not only in actual 
emergencies, but in practice drills. When the 
ten-meter band is open, however, even local 
contacts become difficult with DX pounding in 
on your net frequency, so we have available 
the six-meter band. In the recent months, ac- 
tivity on this band has increased and it is an 
exceedingly popular band with the Technician 
Operators. For an equal amount of power, the 
actual ground wave coverage on six meters is 
better than on 10 meters. Construction tech- 
niques on the higher band are much the same 
as for 10 meter gear. 


General Circuit Details 
The transmitter and power supply are built 
upon standard 7”x7”x2” aluminum chassis 
(Bud AC-405), and the complete transmitter- 
receiver is housed in a steel carrying case, 
measuring 8”’x8”x17”. The lower deck houses 
the .transmitter, the center deck the receiver, 
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and the top deck the built-in loud speaker, 
The complete unit is illustrated in Figure 61. 

The transmitter deck (Figure 62) contains 
both the transmitter section and the dual volt- 
age power supply. The tube line-up starts with 
a 12AU7, one half being a Pierce oscillator 
while the other half. doubles or triples the 
crystal frequency, as required. A 7 Mc. crys- 
tal is used for 10 meter operation, and an 
8 Mc. crystal for six meters. The final output 
stage is a 6AQ5 which doubles at all times. 
Another 12AU7 is used as a grounded grid 
microphone amplifier and speech amplifier. 
The modulator is a 6AQS. 

The coil and condenser combinations in the 
r-f section were selected to tune the required 
frequencies without bandswitching. A Pierce 
crystal oscillator was chosen for the same 
reason. A dual crystal socket is used, one side 
being employed for storage of the crystal not 
in use. 

For 10 meter operation, the second half of 
the 12AU7 r-f tube doubles to 14 Mc., and the 
6AQS doubles to 28 Mc. (Coil data iS giver 
in Figure 63). 

For six-meter operation, 8-Mc. crystals are 
used and the 12AU7 now triples to 25-Mc. by 
retuning the plate condenser, C40. The fre- 
quency is doubled to six meters in the final. 
The condenser in the final will be at almost 
minimum capacity at this frequency and at 
almost maximum capacity on ten meters. The 
front panel is marked for condenser settings so 
band changing can be done quickly. The neon 
bulbs, (Ne and Ne2) viewed through slots in 
front panel, indicate maximum output Settings. 

No special precautions are required in build- 
ing the transmitter and power supply section. 
The filter choke (Chl) and the two tuning 
condensers (C40 and C44) are installed after 
all the wiring has been done. Small brackets 
are made up to mount the selenium rectifier, 
the antenna input jack, and the recessed crystal 
socket. 

Grommetted holes are used to bring wirisll 
from the underside of the chassis to the panel- 
mounted antenna change-over switch (Sw8), 
the output transformer (T2) and the selenium 
rectifier. The a-c line cord is a television 
accessory with a fitting at either end. The fe- 
male end is cut off and mounted on the rear 
of the chassis for the 117-volt input and a 
regular a-c plug is attached to the remaining 
length of cord. The male end of the cord fits. 
the jack on the chassis and is removed when 
battery operation is desired. Separate leads 
connect to the battery terminals for 6-volt 
operation. The d.p.d.t. toggle switch (Sw7) 
is thrown into the 6-volt position, which 
switches the filament winding on the trans- 
former over to act as a primary for the vibra 
tor supply. | 

A photo of the bottom of the transmittal 
chassis is shown in Figure 64, and parts layout 
for bottom and top of the chassis are given in 
Figures 65 and 66. Transmitter schematic is 
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4 Fe 


/Cl, C2, C3—-15 uufd., 3 
gang variable (All 
Star Products). 

C4, C5, C8, CI—8-50 
uufd., ceramic variable 
(CRL). 

'C6, C11—50 uwufd., 
ceramic (Erie GPK). 

| C7, C10, C35—0.005 mfd. 

| disc ceramic. 

| C12, C13, C18, C24, C25. 

| C26, C28, C36—0.01 mfd. 

| dise ceramic. 
|C14—100 upfd., silver 

/ ° ~=6mica. 

C15—270 uufd., silver 


} mica. 
/ C16, C17, C19, C20, C21 


—-0.02 mfd., dise 
ceramic (Erie). 
C22, C27—100 wufd., 


ceramic (Erie GP1K). 


C23—0.05 mfd., 200v. 


paper. 
C29—25 mfd., 25v. 
electrolytic. 
C30—15 pupufd., silver 
mica or CRL “TCZ”’ 
C31, C33—5-25 upufd., 
ceramic variable 
phenolic base 
(CRL “NPO”). 
C32—30 muufd., silver 


mica or CRL ‘‘TCZ’’. 


C34—50 mupfd., silver 


mica or CRL ‘‘TCZ’’. 


4 


Ri, R4, R5, R16, R19, 
R20—1 megohm, 44w. 
R2, R14—47,000 ohms, 


lw. 

R3, R11, R15—2200 
ohms, '%w. 

R6, R9—22,000 ohms, 


low. 3 
R7, R8, R12, R23— 
100,000 ohms, %4w. 
R10, R26—27,000 ohms, 


lw. 
R13—200 ohms, Mw. 
R22—10 megohms, Jw. 
R25—-500 ohms, lw. 
R27—47 ohms, lw. 
R21—500,000 ohm 
midget volume control 


6U8) 6BE6} 6BAG) 6BA6 


4 4 4 
6T8} 6AQS 


IFT-1—1635 kc. i-f. 
(Miller 12W-1 or 
surplus). 

IFT-2—1385 kc. i-f. from 
surplus marker beacon 
receiver BC-1206. 

T1i—output transformer 
6AQ5 to voice coil. 

Ji—antenna jack 
(Motorola pin type). 

J2—closed circuit phone 
jack. 

J3—phono type pin jack. 

J4—4 prong Jones socket 
S304AB. 

SWI, 2, 3, 4, 5, 6—2 
gang, 2 position, 4 
pole wafer switch 
(CRL #20385). 


Fig. 69. Receiver schematic and parts list. The 3-gang variable condenser may be obtained directly from 
All-Star Products, Defiance, Ohio by mentioning this article and enclosing two dollars ($2.00) with 
your order. 


and recorded for logging before assembling the 
unit into the cabinet. Final grid current is 
about 114 to 2 ma. and the final plate current 
loaded runs about 30 ma. with the 200-volt 
plate supply. The entire transmitter draws 
about 70 ma. 


in Figure 67. 
_ The only unorthodox part in the Packset is 
the power transformer. No commercial trans- 
‘former of this type was readily available so 
the transformer was wound up according to 
the specifications in the coil table. The output 
is about 200 volts under load from either 117- 
volts a.c. or a 6-volt battery. 

Voltage and current measurements are made 


The Receiver Section 
A top view of the receiver is shown in Fig- 
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ure 68, and the schematic is given in Figure 69. 
The receiver is small—built on a 5’x7"x2” 
aluminum chassis (Bud AC-402)—but its per- 
formance belies its size. It is a six-tube dual 
conversion superhet with noise limiter, full 
a.v.c., adequate speaker output, and band 
switching for ten and six meters. Fair selec- 
tivity was deemed necessary for optimum 
simultaneous operation of several nets in one 
band such as planned for RACES and Civil 
Defense operation. Dual conversion is also a 
must in a high-frequency receiver to eliminate 
images and still maintain a degree of selec- 
tivity. 

The design was made as simple as possible 
without any special parts so it could be easily 
constructed. The r-f stage is a 6BA6, the mixer 
a 6U8, the conversion oscillator and first i-f 
stage a 6BE6, the second detector, noise lim- 
iter and first stage of audio are combined in a 
single triple diode 6T8, while the audio output 
tube is a 6AQ5. The speaker plugs into a jack 
on the rear of the chassis, but headphones can 
be plugged into the jack on the front panel. 
Only three controls are on the panel—tuning 
knob, volume control and bandswitch. 

The i-f channels used were chosen because 
surplus 135-kc. transformers were available in 
quantity from the “Marker Beacon” receiver, 
BC-1206. Standard 262 kc. or 175-kce. trans- 
formers would be almost as suitable. The fre- 
quency of the conversion oscillator was made 
1500 kc. so that its harmonics would not fall 
in any usable part of the ten-meter band. The 
18th harmonic falls on 27 Mc., the 19th on 
28.5 Mc., while the. 20th falls on 30 Mc. 
Shielding of this oscillator coil (L9) and the 
addition of a small copper shield over the 
bottom of the 6BE6 tube socket reduces these 
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Fig. 70. Receiver chassis, bot- 


tom layout diagram. 


harmonics to a low value. The harmonics 
falling in the six meter band are of such a high 
order that they are much too weak to cause 
any trouble. Under-chassis parts layout may 
be seen in Figure 70, and the copper shield 
over the bottom of the 6BE6 socket may be. 
seen in the left side of Figure 71. a 

An i-f of 1635 kc was selected to limit the 
possibility of strong broadcast stations feeding 
through the i-f system. Standard 1500-kc i-f 
transformers can be made to tune to this fre- 
quency, while many surplus i-f transformers 


-are available that can be easily modified for 


the purpose. | 

The layout and method of construction was 
planned for ease in assembly. The tuning 
mechanism is a cord and drum type that gives 
smooth vernier tuning. The dial proper is a 


Fig. 71. Bottom view of receiver section show- 
ing placement of the major components may be 
seen in the layout diagram of Figure 70. 


Coil Winding Data (Pack-set) 


Receiver section 
Six meters: 


L1—8 turns #30 at bottom of L2. 7 

L2—4 turns #22 on %-inch polystyrene rod 
spaced %-inch. 

Li—3% turns #22 on %-inch polystyrene rod 
spaced 34-inch. 

L7—3% turns #22 on %-inch polystyrene rod 
spaced %4-inch tapped 1 turn from cold end. 

Ten meters: 


L3—4 turns #30 at bottom of L4. 

L4—9 turns #22 on %-inch polystyrene rod 
spaced 34-inch. 

L6—same as L4. 

L8—9 turns #22 on %-inch polystyrene rod 

spaced %-inch tapped 38 turns from cold end. 


Figure 72. 


recessed piece of white cardboard behind a 
Lucite window in the panel, the pointer being 
attached directly to the condenser shaft. The 
dial is thus protected from being damaged or 
the pointer being bent or torn off when car- 
rying the Packset. 

Most of the resistors are mounted on termi- 

nal strips and preassembled before being put 
in place as units near their location in the cir- 
cuit. The bandswitch and the ceramic trimmer 
condensers are mounted on a small aluminum 
partition, which also acts as a shield between 
the grid and plate sections of the 6BA6 r-f 
stage. This assembly is installed last, after all 
major parts have been mounted and wired, thus 
leaving plenty of working space. The by-pass 
condensers are all ceramic types and are 
mounted right at the tube sockets. Before the 
t-f coils are put in place, the i-f system can 
be checked and tuned. The last step is install- 
ing the r-f coils and checking the tracking, and, 
finally, calibrating the dial. Complete coil data 
is given in Figure 72. 
The front panel from the cabinet was cut 
into three sections and two of them used as 
panels for the transmitter and receiver. The 
top section is drilled with several large holes 
and the speaker is mounted behind it, fastened 
permanently to the cabinet. Two shelves of 
sheet aluminum were bolted into the cabinet 
dividing it into compartments for the two sep- 
arate units that make up the Packset. The rear 
panel of the cabinet is also cut off at the top one 
third. It is hinged back together again to make 
a door to the top compartment which is used 
for the storage of accessories such as extra 
cables, headphones, mike, and maybe a screw- 
driver or two. The rear of the speaker is 
covered with copper screen to prevent damage 
to the cone. 

A short cable is used to connect the two units 
in the cabinet and the antenna plugs into the 
transmitter section through a hole in the side 
of the cabinet. The antenna is a fully col- 
lapsible type that is mounted on the side of the 
cabinet and extends to 52 inches when in use. 
This length is about right for six-meter opera- 


tion. Although it is too short for ten meters, 
it will load up and the radiation is adequate 
for local work over several miles. 


Conclusion 


Several of these Packsets have been built up 
during the past year and used in a variety of 
activities with excellent results. The acid test 
was given during several hours of continuous 
operation in 90 degree temperature supplying 
communications for a golf tournament with no 
equipment failure. A Packset makes an ideal 
hidden transmitter for hunts and can be taken 
to almost any unlikely location even if you do 
have to take a battery along. The total battery 
drain is less than ten amperes and a storage bat- 
tery lasts a good many hours. Another use is 
talking back to a fixed station when running 
down some TVI. Although no special pains 
were taken to make these units TVI-proof, they 
have been operated right next to TV sets with 
no outstanding interference. With an outside 
antenna they make ideal stations for local rag 
chewing over considerable distance, and when 
either six or ten meters are open you are all set 
to go. A table of voltage measurements in 
the receiver is given in Figure 74. 


a Six Band VFO 
Mobile Transmitter 


This rig was built small so it would fit under 
the dash of the family automobile, yet it in- 
cludes almost all of the operating features of 
the rig in the shack. Six-band operation, fone 
or CW, v.f.o. or crystal control, with provision 
for zeroing-in on a signal, push-to-talk, com- 
plete band switching, and single dial tuning, 
up to the pi-network output. 

The power input is a clean 15 watts that re- 
quires no elaborate power supply. The bat- 
tery drain is low and the ordinary car genera- 
tor can easily take care of it. It is designed to 
operate from two small vibrator power sup- 
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Fig. 73. Layout plan for the top of the 
receiver chassis. 
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Receiver Voltage Measurements 


TUBE PIN NUMBER—VOLTAGE 

1 PAE ae ae 5 6 22-8 <9 
6BQ6r.f. -.75 0 0 6 180 50 0 
6U8 100 -2 35 0 6 150 0 0 -.75 
6BE6 -1.5.--0-—0"" 07 5225 7-75 -* 
6BAGif. -*.1.5-0°6 210 80 1.5 
6T8 -l -* 4* 0 6 -1 0 -.5 
6AQ5 One ton 0. 6. 2 0225 


All measurements taken with a Simpson model 
260 Vi'M 20,000 ohms per velt. Polarity is posi- 
tive with respect to chassis ground unless other- 
wise indicated. Voltages marked (*) are too small 
to be read with any significance other than to 
show probable correct operation by polarity of 
reading. Source voltage was 225 and total current 
for the receiver is about 60 ma. at this voltage. 


Figure 74. 


plies, or dynamotors, or one of each, or what 
have you? One supply can be the auto receiver 
—it is not used for anything when transmitting 
anyway. The final and modulator of the trans- 
mitter are powered from any separate source 
putting out about 300 volts at 100 ma., or the 
entire rig can be operated from a single 300- 
volt supply if the 160 ma. current is available. 
Front view of the transmitter is shown in 
Figure 75. 

The entire transmitter is built on a 7”x9”x2” 
chassis with a front panel 5 inches high. It 
slides into a home-made cabinet that is fastened 
under the dash of the car. All controls are on 
the front panel. The main dial is calibrated on 
a piece of white cardboard, covered with a 
sheet of plexiglas to protect it from damage 
Or warping and fastened to the front panel 
with small bolts. The pointer is attached to an 
extension of the tuning condenser shaft pro- 
truding through the front panel. The dial 
drive is done by means of concentric discs 
taken out of a surplus “beacon” receiver. The 


meter is a surplus unit shunted to read 0-75 ma. 
full scale and it is switched to read modulator 
and final plate current—very necessary in tun- 
ing up a pi-network. The two jacks on the 


lower left side are for mike and key, the mike 


jack being the small shaft type and the key jack 


a standard 14-inch size so no mistake can be 
One toggle 
switch (Sw8) is for zero-beating a signal (it 


made in putting in the plugs. 


applies voltage to the oscillator only) and one 
(Sw9) is for fone-CW operation. The crystal 
socket is recessed to protect the crystal from 
being bumped out of the holder. Below the 
dial is the bandswitch and the two controls 
on the right side of the panel are plate tank 
tuning (C25) and pi-network output tuning 
(C28/C29). A switch on the microphone 
energizes the antenna change-over relay. This 
relay has a second set of contacts which are 
used to apply receiver B-voltage to the low 
power stages, while an external relay-on the 
dynamotor (or power pack) applies plate volt- 


age to the final r-f amplifier and modulator. 

The tube line-up of the transmitter is: 6AU6 
v.f.0. or crystal oscillator, 6AH6 buffer-doubler, 
and a 5763 class-C amplifier which runs 
“straight through” on all bands. An OA2 is 
included in the oscillator plate supply circuit 
to regulate the oscillator supply voltage. The 
modulator comprises a pair of 6AQ5 tubes in 
Class AB, with a 12AT7 speech amplifier 
working from a carbon microphone. Speech 
frequencies are emphasized by a small coupling, 
condenser (C31) between the voltage amplifier 
stages, and a small cathode bypass condenser 


(C32). 


Gang tuning is used for the exciter stages, 
and the final stage is tuned separately for ease 
in antenna matching over the wide frequency 
range of the transmitter. The idea of gang tun- 
ing is to maintain uniform grid drive ‘to the 


— 


Fig. 75. Six band VFO mobile transmitter employing a 5763 pi-coupled amplifier 
modulated by two 6AQ5 tubes, this miniature transmitter runs 15 watts input on 
all bands, 80 meters to 6 meters. Front panel size is 9” x 5”. 
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final amplifier over the entire range of each 
band. This is easily accomplished on the lower 
frequency bands, but above 21 Mc. actual tun- 
ing of the exciter circuits becomes essential 
-—hence the addition of the third variable con- 
denser (C3) to the tuning gang. This small 
variable unit is just sufficient to resonate the 
higher frequency circuits so that grid current 
to the final remains constant when the trans- 
_mitter is tuned across an entire band. 


| Oscillator Circuitry 


| The v-f-o circuit used is one that is par- 
ticularly suited for mobile operation, or for 
use in limited coil space. Coil “QO” is not criti- 
cal and stability is achieved by using silver 
mica and NPO type condensers, as well as a 
ceramic switch and tube socket. As with any 
v-f-o, care must be taken to use heavy con- 
necting wires, short leads and rigid mounting 
of all parts to insure freedom from vibration. 
Experience has shown this transmitter to be 
more stable than any present day mobile re- 
ceiver against which it has been compared. 

Three separate oscillator coils (L/, L2 and 
13) are used to simplify setting the tuning 
range, and to enable the use of common crys- 
tals—the crystal in use corresponding to the 
frequency range of the oscillator grid coil. 
For crystal operation, the v-f-o dial is set to 
the approximate frequency of the crystal, the 
Switch placed in the “crystal” position, and all 
circuits right up to the final are then completely 
tuned and ready to operate. It will be noted 
from the schematic that the tuning condenser 
(CI and C2) is used for two purposes. The 
_two sections are switched in parallel to make 
SOupfd. capacity to spread the 3500-4000 kc. 
range over 180 degrees of the dial. The next 
oscillator coil (L2) tunes from 7000 to 7425 
ke. using only % of the dual condenser (25 
pptd.) so that the ten-meter band is spread 
over the 180 degrees of the dial. This range 
is used for the 40, 20, 15, and 10-meter bands, 
frequency multiplication being done in the 
plate circuit of the oscillator or the buffer- 
doubler stage as required. These bands are all 
in harmonic relationship so the calibration on 
the dial for 40 meters is about 120 degrees and 
for 20 and 15 meter bands somewhat less than 
90 degrees. 

The third oscillator coil (L3) operates from 
8333 kc. to 9000 kc., tripling in the oscillator 
plate to 25-27 Mc. and doubling in the 6AH6 
stage to 50-54 Mc. Note that the second half of 
the dual condenser (C2) is switched over and 
used as a plate tuning condenser for the two 
highest ranges covered by the plate circuit of 
the oscillator, thus maintaining uniform grid 
drive to the buffer stage. Coil L4 is untuned, 

but made broadly resonant just outside the 40- 
meter band so that adequate drive is delivered 
to the 6AH6 for doubling to 14 Mc. and trip- 
ling to 21 Mc. 

The use of separate coils for each band in 


> 


Fig. 76. Rear view, VFO transmitter. The r-f 

section of the transmitter is at the left, with the 

pi-network condenser and the antenna change- 

over relay in the foreground. At the center, are 

the r-f coils for the 5763 stage (L13 and L14). 

To the right is the audio section. Placement of 
all parts is shown in Figure 77. 


the plate of the 6AH6 buffer-doubler makes 
the construction easier and simplifies adjust- 
ment for tracking. Any one band can be 
worked on without affecting the others and 
since the drive will vary from band to band, 
it permits loading the individual coils with re- 
sistance values to obtain the proper amount 
of grid current to the final for each band. The 
same thing is done in larger rigs by varying 
the screen voltage of the driver tube with a 
potentiometer. Once the final grid current has 
been adjusted for each band, it requires no 
further attention and no provision is made to 
read grid current on the meter. However, in 
order to make the initial adjustments, provision 
is made to read the grid current of the 6AH6 
and the 5763 by dividing their grid resistors 
in two parts (R3/R4 and R11/R12). The two 
resistors are pig-tailed together, this junction 
being made to project up from the socket to 
form test points “7” for the attachment of an 
external test meter to read grid current during 
the lining up process. 


Final Amplifier Coils 


The final tank coils (L/3 though L/6) are 
made from Air Dux or B&W Miniductors 
using a combination of single and tapped coils. 
The 80-meter coil (L/3) is separate so addi- 
tional capacity can be added directly to the 
circuit to obtain the proper L and C ratios for 
antenna matching. The two low-frequency coils 
(L13-L14) are mounted on the top of the 
chassis using a 4%” thick bar of polystyrene 
stock 4%” wide and slightly longer than the 
coils. The coils are glued into a slot in the 
bar with coil dope and the bar drilled and 
tapped for mounting bolts and the whole as- 
sembly then bolted down to the chassis. The 
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Fig. 77. Placement of above-chassis components of transmitter. 


coil leads are brought down through grom- 
metted holes in the chassis to the bandswitch 
just below. The two high-frequency coils 
(LI5-L16) are mounted in the space between 
the switch wafers under the chassis, being 
fastened right to the switch contacts. They 
also have small polystyrene blocks glued be- 
tween coil and chassis to support them and 
take the strain off the switch contacts. 

The final tank condenser (C25) should have 
more capacity for the lowest bands, but a com- 
promise is necessary to make tuning of the 
higher bands less critical. The antenna load- 
ing condenser (C28-C29) is a dual section 
midget broadcast type with the sections in par- 
allel (and the trimmers removed) to make a 
total capacity of about 700 pufd. The mount- 
ing of the final tank and antenna loading con- 
densers was carefully figured out for short leads 
and direct ground returns to the cathode of the 
final tube. The loading condenser is mounted 
on top of the chassis, but it is insulated from 
the surface with a thin sheet of bakelite. It 
is fastened with bolts coming from “the 
underside of the chassis through holes large 
enough so that the bolts do not touch the 
metal, but make contact only on the underside 
of the chassis. The tank condenser is directly 
under the antenna condenser and right next to 
the final tube socket. The Cardwell condenser 
used in this model is mounted on a home-made 
bracket, but a Bud or Hammarlund condenser 
of the same kind has mounting legs that can 
be bolted to the side of the chassis. The con- 
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denser grounds and the screen and cathode by- | 


pass condensers 
ground point on a lug under the bolt holding 
the tube socket. Keying is done in the cathode 


connect to one common 


of the final and switch, Sw9, shorts out the sec- — 
ondary of the modulation transformer and re- - 


moves voltage from the modulator. 


Complete data for all coils is given in Fig- 


ure 78. 


Transmitter Assembly — 
; Chassis layouts for the transmitter are 


shown in Figures 77 and 81, and top and bot- | 
tom photos showing parts placement are given | 


in Figures 76 and 79. 
This rig is small and compact, but not com- 


plicated to build. The small size is obtained — 
by careful layout and the use of many new © 


small components. The bandswitch is made 
from individual ceramic wafers of Centralab’s 
miniature 2000 series, each section having one 
pole and 12 positions, although only six posi- 
tions are used. Two pole sections could have 
been used, but the wiring job is lots easier with 


one pole wafers. The wafers are mounted on — 
the coil partitions with bolts and spacers. A i 


shaft for the switch is made from a 7-inch 
length of 14” diameter fiber rod filed flat on 
two sides to fit the slot in the pole piece of the 
switch wafers. Flat fiber shafts are made com- 
mercially, but they may be a little hard to find. 


A metal shaft is not advisable since undesired _ 
coupling between driver tube and final should — 
be avoided. Also, we want as little metal as — 


possible in the field of the final coils that 
‘mount between the switch wafers. 

_ Three internal partitions are made from 
sheet aluminum (22 gauge), or cookie-sheet 
material. A drawing of these partitions is given 
in Figure 80. One partition fits the entire 
length of the chassis (the inside length is 
slightly less than 7”) and has %4” lips bent 
on all sides for strengthening and providing 
mounting brackets. When this passes the oscil- 
lator compartment it is used for mounting two 
of the oscillator trimmer condensers (C5, C6). 
This partition is made only 15%” high so that 
‘the trimmers will not extend beyond the depth 
of the chassis. The two partitions dividing the 


coil compartment are made exactly the same 


way except that they are shorter. Cutouts are 
‘made on the bottom side of these partitions 
for the wiring to pass through where required. 
‘The front apron of the chassis is drilled to 
match mounting holes for the controls. The 
coil partitions are marked accordingly for 
mounting the switch wafers in a line with the 
switch index which mounts on the front apron. 
A hole is drilled through each partition to allow 
the extension shaft of the final condenser to 
pass through. Cutouts are made in the bottom 
of the partitions in line with the tube sockets 
for the filament wiring and the coupling con- 
densers. 

_ Accuracy is required in mounting the switch 
wafers on the partitions so that the switch 
will operate smoothly. A 14” hole is drilled 
a the rear apron of the chassis directly in line 
with the index mounting hole so that the switch 
‘shaft can be inserted from the rear, slid through 
all the wafers and fastened to a shaft coupling 
on the index. Switch Sw7 is also mounted on 


the rear apron with bolts and spacers. All 
switch wafers are oriented so that the six con- 
tacts used appear on the top where they can 
be easily reached with the soldering iron for 
making connections to the coils. 

A small bracket is made of some aluminum 
sheet material to mount the recessed crystal 
socket behind the cutout in the front apron. 
Fastening this bracket requires countersunk 
flat head bolts, so the panel will fit flush against 
the front apron of the chassis when it is put 
on. An aid in fastening all partitions and 
brackets is to tap the mounting holes drilled 
in them so that they may be attached to the 
chassis with stud bolts—saves a lot of time and 
trouble trying to put on nuts in tight spots. 


Dial Drive 


The Bud dual “Tiny-Mite” has two substan- 
tial mounting feet and these are used to fasten 
it to the chassis right down the center line 
with enough of the shaft extending beyond the 
front of the chassis to attach a pointer after 
the panel is put on. For this particular dial 
drive system, a slot is cut out in the chassis 
large enough for the large disc to extend be- 
low the surface. The little driving disc mounts 
through a bushing on the panel itself. Its 
exact location must be found by trial since 
the tuning knob has to be out of the way of 
the calibrations on the dial, yet the discs must 
be close together to get a smooth turning drive. 
A small bracket is made to mount the modified 
APC condenser in line with the rear extension 
shaft of the “Tiny-Mite.” They are ganged 
together with a regular insulated shaft coupling. 
Another small bracket is made to mount the 
two pin type jacks flush with the rear of the 


Fig. 78. COIL DATA 


Wire Size 


B&W 3016 
B&W 3012 


B&W 3011 
16 


winding. 


Diameter 


(Tapped 17 turns from cold end) 
ly GLa 34" 


(Tapped 5 turns from cold end) 
Ar pe? 


Winding 


Length Tuning Range 
3500 - 4000 ke. 
7000 - 7425 ke. 
8333 - 9000 ke. 
Resonates 6900 ke. 
14 Mc.-14,850 ke. 
25 Mce.-27 Me. 
3500 - 4000 ke. 
7000 - 7425 ke. 

14,000-14.850 ke. 

21,000-22,275 ke. 
28,000-29;700 ke. 
50,000-54,000 ke. 

80 meters 

40-20 meters 


15-10 meters 


6 meters 


L1 is wound on a ceramic form that has threaded ho!es at both ends for mounting. 


L2 thr h L12 are wound on 144” lengths of polystyrene rod drilled and tapped at one end to take a 
4-36 pee andine bolt. A small hole is drilled at the opposite end through the diameter of the form to hold 
the end of the wire and a similar hole is drilled 34 inches down the form to hold the opposite end of the 


L7, L8 and L9 have a second set of holes drilled next to the wire mounting holes for the loading resistors. 


L13, L14, L15, and L16 are mounted on polystyrene bars which bolt to the chassis, as explained in the text. 
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Under-chassis view of mobile trans- 
The aluminum partition of Figure 80 
divides the under-chassis area into four com- 
partments. The audio section is to the left, and 
the three r-f sections to the right. See Figure 81 

for placement of major components. 


Fig. 79. 
mitter. 


chassis behind the antenna loading condenser. 
Mounting holes for the tube sockets, transform- 
ers, and final coils are then made and all com- 
ponents mounted on the top of the chassis. 
The mounting holes in the front apron of the 
chassis are used as a template to mark the 
panel, which is fastened to the chassis by the 
same nuts holding the controls. 


Wiring 
The wiring is done next, putting in all volt- 


NOTE: 
MAT - 22 GAUGE. ALUMINUM (.025 THICK) DSc 


PARTITIONS A @ B SAME SIZE, C LONGER. 
PARTITIONS SAME HEIGHT WITH 1/4" FLANGE 
OW ALL FOUR EDGES. 


MOUNTING HOLE LOCATIONS NOT CRITICAL. 
TAP FOR 4-36 SCREWS. 


LOCATE SHAFT CENTER LINE FROM 
INDEX MOUNTING HOLE QV FRONT 


age supply circuits, by-pass condensers, and 
resistors. Most of these mount right at the 
tube sockets. The cathode by-passes in the 
modulator (C32 and C33) are mounted verti- 
cally along the side of the chassis. The audio 
system is simple and requires no particular 
caution in wiring. The transformer leads are 
brought to the underside of the chassis through 
grommetted holes, as are the leads to the meter 
switch (Swill), relay, and the tuning conden- 
sers. The long partition is installed and much 
of the wiring is placed along the modulator 
side of this partition while the r-f voltage sup- 
ply leads run through the holes cut in the bot- 
tom of the partition over to their respective 
part of the r-f section. Tie points are used 
where required so that all parts are securely 
fastened—always a good idea in a mobile rig. 

Before putting in the coil partitions, the 
oscillator coils are installed and this whole 
section wired up. The first partition is then 
bolted in place so that the oscillator plate coils 
may be wired to the switch contacts. At this 
point voltage can be applied to the oscillator 
using a test bench power supply with enough 
voltage to ignite the OA2 regulator tube. 
Using a receiver as a monitor, the tuning range > 
of the oscillator coils can be set by adjusting 
the trimmers. With the 6AH6 tube in place 
(but with no plate voltage on it) a 0-1 milli- 
ammeter is attached to the 6AH6 grid test 
point and the oscillator plate coils checked for 
tracking. 80 and 40 meters present no problem — 
since there is a choke in the plate of the oscil- 


lator on these frequencies and any indication 


of grid current (12-1 ma.) shows that it is 


418 
Ne 
“WIRING CUTOUTS ok er 


A HOLES -3/8"DIA 


B HOLES-3/8 DIA.FOR SWITCH WAFER 


BOTTOM SIDE VIEWED FROM FRONT 


Fig. 80. Partition dimensions. See Figure 81 for exact 
placement under the chassis. 
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vorking properly. The same is true for the 20 
ind 15-meter positions where the grid current 
may be even more than 1 ma. It is only neces- 
ary to determine with an absorption wavemeter 


hat the output is on 40 meters. This coil 
should be resonant just below the 40 meter 
yand and can be checked with a grid dip meter 
when no voltage is applied to the oscillator. 

_ Coil LS can now be adjusted for tracking to 
rover the frequencies indicated in the coil 
able. With the tuning condenser set at the 
nigh end of the band, the trimmer is peaked 
‘or maximum grid current to the 6AH6 and 
the condenser then tuned to the low end of 
he band. If the grid current does not change 
more than a few tenths ofa milliampere, that 
s all there is to it. It is advisable to check 
with a wavemeter or grid dipper to be sure the 
‘ight harmonic is being used. If the grid cur- 
‘ent falls off, the turns on the coil will have to 
de spread or compressed slightly to bring it 
pack up to the original reading, and the tun- 
ng process repeated until the grid current re- 
mains constant. Coil dope is used to hold the 
windings secure when the alignment is com- 
dleted. With the band switch in the 6-meter 
dosition, coil L6 is adjusted for tracking in 
the same way to cover a range of 25 to 27 Mc. 
_ Before going ahead with the buffer coils, the 
dial is marked lightly in pencil at the band 
2dges so the frequency coverage can be re- 
ferred to during the balance of the alignment. 
The second switch partition is fastened in 
place and blank coil forms placed in position 


I 


in the compartment so their mounting holes 
can be marked. An %” hole is drilled through 
the chassis under the position for each coil to 
2nable mounting with stud bolts. The final 


tank coils are installed and all final r-f wiring 


Fig. 81. Under-chassis parts diagram. 


completed before going ahead with the align- 
ment of the buffer coils. After the plate and 
B-++ connections have been made to the buffer 
switch section arms, the buffer coils are in- 
stalled and aligned—the easiest way being to 
take one band at a time starting with the 6- 
meter coil. A rough check can be made of coil 
tracking by using a grid-dip meter, but the 
best coil adjustment is made under operating 
conditions using the test bench power supply. 

Since the rig is designed only for 6-volt oper- 
ation, the relay contacts have to be closed with 
a piece of cardboard to get voltage through the 
power plug. A 0-10 ma. meter is connected 
to the test point in the grid of the 5763 and 
about 250 volts applied to pin 4 of the power 
plug. Switch, Sw9, should be in the CW posi- 
tion to keep voltage off the modulator. The 
dial is set about mid-scale (or about 52 Mc.) 
and the six-meter buffer coil turns spread or 
squeezed together as required to get a maxi- 
mum grid reading to the final. This will be 
about 3 or 4 ma. The tuning condenser is then 
run over the whole band to check for uniform- 
ity of grid current. If there is any great varia- 
tion, adjust the coil turns for uniform current 
for the full range of tuning. 


Loading Up 

Before going to the next band, operating 
conditions should be checked with power ap- 
plied to the final. A dummy load is used (15- 
watt light bulb on the end of a piece of co-ax 
plugged into the antenna jack) and final volt- 
age is applied through pin 3 of the power plug, 
using the same 250-volt supply. When the final 
is resonated and loaded, the grid current will 
fall off slightly and the turns of the buffer coil . 
will have to be readjusted to bring the current 
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MALE JONES 
PLUG 


8+ SUPPLY 


Bt RETUIN 


O20 20 
250V 6V GND 
VIBRATOR 


AUTO RADIO SUPPLY 


SEPARATE SUPPLY OR 
TAP FROM AUTO RADIO = = 


PE-1401-C 
DYNAMOTOR 


Fig. 82. Power and control wiring for the ‘Six Bander.” 


back up to maximum. When all checks have 
been made, the grid current should be in the 
neighborhood of 212 to 342 ma.—the objective 
being to get 3 ma. operating current on all 
bands. Some variation one way or the other is 
not too important. 

The 10-meter buffer coil can now be wired 
in place and the same process repeated to align 
this band, going to the next lower band and 
so on until all the bands are lined up. The 
three lowest bands are not at all critical and 
coil adjustment is made by adding or taking 
off a turn of wire. These coils are loaded with 
resistors to keep from overdriving the final. 
The operating grid current should be adjusted 
for the same 3 ma. 

A metal bottom plate is used on the chassis 
so possible vibration of the cabinet will not 


Fig. 83. This stable master oscillator is made 
‘from a “cut-down” SCR-274N “Command” 
transmitter. 
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affect the oscillator. This bottom plate should 
be in place when the final checking is done 
and the dial is calibrated. The trimmers are 
reached through holes made in the bottom 
plate. Dial calibration is made by putting volt- 
age on the oscillator only and beating the 
signal on a receiver of known accuracy. . 

The cabinet is made from one long sheet of 
aluminum 74%” wide and 29” long bent to 
make the cabinet 914” wide, 5” high and 7144” 
deep. It is slightly wider than the chassis to 
give clearance to the heads of the mounting 
bolts on the side of the chassis. The back piece 
for the cabinet and the panel are identical in 
size and are made 5”x914” with a %” lip 
turned back on all four sides to fit over the out- 
side ends of the cabinet. The back is fastened 
on permanently with rivets or bolts and cutouts 
made for the power plugs and antenna con- 
nections. The panel is mounted on the chassis 
and when the rig is slid into the cabinet, bolts 
are screwed through the side lips on the panel 
to hold the transmitter in the cabinet. | 

Actual final amplifier operating current is 50 
ma. with a 300-volt power supply. Modulator 
resting current is about 45 ma., kicking up 
to 60 ma. with voice modulation. A suitable 
control circuit schematic for this transmitter. 
is shown in Figure 82. | 


a Mobile VFO 


A simple and highly efficient mobile v-f-o 
unit may be made from the oscillator section 
of a 3-4 Mc. “Command” transmitter, as shown 
in Figure 83. The rear section of the trans- 
mitter is cut off from the front of the chassis 
and modified to form a v-f-o having high 
stability and good resetability. The circuit of 
the revised v-f-o is shown in Figure 84, and 
rear and bottom views of the converted unit 


} 


are given in Figures 85, 86 and 87.. 
The Conversion 


The first step is to remove the top and bot- 
tom covers of the “Command” transmitter, and 
all the wiring beneath the chassis deck: Next, 
remove the two power amplifier tube sockets, 
the flexible tuning shaft, the power amplifier 
padding condenser (the one not attached to the 
tuning shaft), the power amplifier tank coil, 
and the r-f choke. Remove the dial, window 
frame, and all projecting hardware and knobs 
from the front panel. Grind or drill the heads 
of the rivets which hold the front panel to 
the chassis down to where they can be punched 
out with a center punch. 

Remove the front panel and cut a piece of 
1/16” sheet aluminum to fit over it as a false 
front. In this false front cut a 2” diameter 
hole to clear the tuning dial hub, and a hole 
in the lower right corner just large enough to 
clear the tuning shaft. Mount the false front 
on the front panel by means of 6-32 screws. 

The oscillator tuning condenser (from be- 
low the chassis) can be removed and added to 
your junk box. Remove the p.a. tuning con- 
denser with its associated gears. Use care, for 
this condenser will be used to replace the os- 
cillator tuning condenser. 

With a husky pair of tin snips or a hacksaw 

you can now cut the chassis down to 414” 
_ depth. The cut will come about %” ahead of 
the rear edges of the two p.a. socket holes. 
Remember, you are using the rear part of the 
_ chassis, not the front. 

: Mount the former p.a. tuning condenser in 
_ the space left vacant by removal of the oscil- 

lator condenser. Try the front panel on for fit. 
There should be sufficient clearance between 
the front panel and the gears to permit them 
to turn freely. Once this clearance- has been 
established the panel can be secured to the 
sides of the chassis by means of “C” clamps. 
Drill and tap through the rivet holes, then 
mount the panel on the chassis with 4” 6-32 
screws. Top and bottom covers should be cut 
to size. 

The former crystal socket should be re- 
moved, and the hole covered by a 14%” square 
piece of 1/16” sheet aluminum. The power 
socket on the rear of the chassis should be 
replaced with an octal socket. A coaxial chas- 
sis-type connector should be installed beside 
the octal socket. Using the oscillator tube 
socket for the 6AG7, and the “magic-eye” 
socket for the VR-150, wire up the unit as 
shown in the schematic. 

The output coil is mounted in the former 
crystal socket space with the adjustment screw 
upward, as shown in the photographs. Use 
solid No. 14 wire for all leads between the 
6AG7 and the oscillator tank circuit. The 
6800 yuyufd. bypass condenser, the 51,000 ohm 
grid leak, and the 200 yufd. grid condenser, are 
original parts. Use short direct leads, especially 
on the 1000 pufd. ceramic bypasses. 


COAXIAL 
OUTPUT 
JACK 


3 
+300V 


8 
FIL KEY 


MOTE: C1, C2, C7, C8, C9, 8 R41 ARE ORIGINAL ARC-5 PARTS. 
-001 CONDENSERS ARE 6OOV CERAMIC. 


C1—-6800 uwufd. 
2—200 wy fd. 
C3, C4, C5S—1000 uufd. 
C6—1000 uwufd. 600v. mica. 
C7—3 pwutd. 
C8—Oscillator padder. 
CI—Former p.a. tuning 
condenser. 


R1—51,000 ohms. 
R2—18,000 ohms, 2w. 
RFC1—2.5 mh. r-f choke. 
L1—3.5 mc., 20 turns #28 
enam. closewound on 
National XR-62 form. 


Figure 84. 


When all connections have been made, the 
unit is ready for test. A 24” 4-conductor power 
cable should be made up to connect the VFO 
to the transmitter. A source of 300 volts plate 
power and 6.3 volts filament power will be 
required. A 24” piece of RG-59/U coaxial 
cable is used as the r.f. connection to the 
transmitter. 

Put back the old dial, and the tuning shaft 
knob. Set the dial at 4.0 Mc., and loosen the 
screws which hold the shaft of the oscillator 
padding condenser on top of the chassis. 
place the oscillator cover and- Tsien it down | 
with several screws. : 

Turn on the power, and after warm-up, 


adjust the oscillator padder until the signal is 


heard in the station receiver at 4.0 Mc. Set 
the v-f-o dial at 3.5 Mc. and check the calibra- _ 
tion. The band-spread may be adjusted by™ 
means of the oscillator tank coil slug and the 
padder condenser. When the tuning tracks 
satisfactorily, the padder shaft can be locked 
in position, and the covers replaced and se- | 
cured with all screws. Fine adjustment may. 
now be made with the trimmer at the top of 
the condenser, and the slug. 

For those who are interested only in the 
3.5- to 4-0 Mc. band, the unit may now be 
considered complete. The slug-tuned output 
coil LJ may now be peaked for maximum grid 
drive to the transmitter. The capacity of the 
co-ax cable forms a part of the output circuit. -. 
Should a different length of cable be used, it 
will be necessary to adjust the number of turns. 
in LJ accordingly to insure resonance in the 
3.5 to 4 Mc. band. 

This particular v.f.o. was used on 14- and 
21-Mc. ’phone most of the time, so it was 
deemed desirable to make a new dial, and to 
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Re- . 


spread the 3.5- to 4.0-Mc. band over about 
330 degrees of rotation, to avoid cramped 
readings at the higher frequencies. 

To accomplish this band spread, first remove 
9 rotor plates from the bearing end, and 1 
rotor plate from the gear end of the oscillator 
condenser. This leaves 6 rotor plates. This can 
be done with a pair of long-nose pliers. Be 
careful not to disturb the stator or to dislodge 
the pyrex bead insulators. Adjust the padder 
condenser until 3.5 Mc. appears at the low end 
of the tuning dial, and 4.0 Mc. at the high end. 
The exact location of these points relative to 
the old dial scale is not important, as we have 
to make a new dial scale. 

Remove the old dial. Using a piece of 4%” 
lucite, cut a circular piece 3144” in diameter, 
and another one 134” in diameter. The larger 
piece is the dial face, and the smaller one the 
hub. Cut a 1” hole in the dial face, and using 
the old dial as a template, cut a hole in the 
center of the hub to fit the dial mounting. 
Drill the hole for the alignment pin. Try the 
hub for size on the dial mounting. The face 
may be cemented to the hub at this time, using 
Duco cement. 

Using small spots of Fibber cement, secure a 
piece of heavy white paper or cardboard to 
the dial for a scale, and calibrate the new 
scale using the station receiver and frequency 
meter, marking the calibration right on the 
paper. Begin at 3.5 Mc. and make a small 
mark every 5 kc. The 50 kc. points should be 
marked with figures, such as 3.50, 3.55, 3.60, 
etc. Mark the 3.5-Mc. and 4.0-Mc. points on 


Fig. 85. VFO: Rear view with cover removed. 


The slug of LI projects between the GaG7 
oscillator and the voltage regulator tube. 
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the edge of the lucite. With the aid of a drafts- 


man, the marks and figures may be neatly 
inked in, with the paper scale removed from 


the dial. 


_The other amateur bands may be shown in 
the proper harmonic relationship, as shown in 
Figure 88. The ’phone bands may be shown by 
heavy inked lines. This figure is not intended 
to be an accurate calibration but is merely in- 
cluded as a guide to the reader. After the ink- 
ing is done, the scale may be cemented to the 
dial face by means of Duco cement, and the 
whole dial should be sprayed with Krylon clear 
plastic spray to protect it. 

The calibration should be rechecked, with 
the oscillator padder locked and the covers in 
place and secured with all screws. Slight var- 
iations in calibration can be made with the 
slug and trimmer. 

The VEO unit, from its 3.5 to 4.0-Mc. out- 
put, will give sufficient excitation to drive most 
transmitters on all bands from 3.5- to 28-Mc. 
The frequency stability is exceptionally good. 


a 20 Watt VFO 
All-band 


Mobile Transmitter 


A compact VFO phone transmitter designed 
for all-band operation is illustrated in Figure 
89. The r-f section of the transmitter, includ- 
ing the v-f-o is mounted beneath the dash of 
the automobile. The mobile converter and a 
transmitter control box are mounted to the 
steering column. Hidden away beneath the 
hood of the car are the modulator and power 
supply unit. The transmitter runs 20 watts 
input to a 2E26 tube on all bands between 80 
and 10 meters. A high level audio filtering 
system is employed in the audio section of the 
transmitter to limit sideband splatter caused 
by higher order harmonics of the modulator. 


Transmitter Circuit 


A block diagram of the complete installa- 
tion is shown in Figure 90. Three separate 
units are employed: a r-f unit (shown in Fig- 
ure 89), a control box (also shown in Figure 
89), and a modulator-power unit (shown in 
Figure 95). 
nected by means of two 8-wire cables, and a 
shielded microphone lead. Primary power 
from the automotive electrical system is routed 
to the control box and from there to the r-f 
unit and the modulator-power unit. 

The schematic of the r-f unit is shown in’ 
Figure 91. The circuit consists of a 6AU6 
electron coupled oscillator operating in the 
80-meter region. The output of the oscillator 
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is fed to a doubler string consisting of two 
12AU7 twin triodes. Each section of each 
tube acts as a frequency doubler, providing 
proper excitation for the 2E26 to run as a 
class-C amplifier on all bands. The heart of 
the doubler circuit is the ‘“Labgear’ Wide-Band 
Multiplier unit. This piece of equipment is 
relatively new in W-land, although it has been 
used extensively in Europe. It is built by 
Labgear Ltd., Willow Place, Cambridge, Eng- 
land. The wide-band multiplier unit consists 
of a series of band-pass stages, each one tuned 
to a different amateur band. The schematic 
of this unit is shown in Figure 93. When em- 
ployed with two 12AU7 tubes operating at 
250-300 volts, and supplied with a few volts 
of r-f at 80-meters, the unit will supply correct 
excitation for a 2E26 or 807 in any amateur 
band between 80 and 10 meters. Since each 
band is covered by a band-pass circuit, no 
‘tuning of the multiplier unit is necessary as 
the operating frequency is varied across the 
amateur band. 

The plate circuit of the 2E26 employs a 
‘simple pi-network to allow coupling to an 
unbalanced coaxial line feeding a low im- 
pedance antenna load. A v-h-f filter is placed 
in the B-plus lead to the 2E26 tube to reduce 
the harmonic currents that might otherwise 
flow back through the plate supply system. 
‘The 2E26 normally operates at an input of 
300 volts and 70 milliamperes (21 watts). 

Figure 94 shows the schematic of the modu- 

lJator-power unit. Two 12AX7 tubes are em- 
ployed as a class B modulator. The elements of 
each tube are strapped in parallel, and the 
‘tubes operate in a zero bias condition. A 
12AU7 is parallel-connected as a class A 
driver stage, transformer coupled to the two 
12AX7 tubes. A second 12AU7 tube serves 
as a two stage resistance coupled audio ampli- 
fier. The modulation level control is placed 
in the grid circuit of the second half of, the 
12AU7 voltage amplifier tube. 
_ To reduce sideband “splatter” a high level 
filter is placed between the modulator stage 
and the 2E26 r-f amplifier. This filter is de- 
signed to provide substantial reduction of all 
audio frequencies above 3500 cycles. 

A surplus PE-101C dynamotor is used to 
provide 300 volts at 150 ma. for the entire 
transmitter. When the dynamotor is run on 
6-volts (with no modification of the arma- 
ture) it is possible to obtain a low voltage on 
the order of 160 volts, and a somewhat higher 
voltage, 
modifications of this dynamotor are covered 
in Chapter 3 of this Handbook. The PE-101C 
dynamotor is mounted directly upon the modu- 
lator chassis, and the whole assembly may be 
mounted beneath the hood of the car, as shown 
in Figure 95. 

_ The transmitter control box, shown in Fig- 
ure 89, attached to the steering column of the 
car provides the means to connect the r-f pack- 
age to the modulator-power unit. A schematic 
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in the region of 300. The various , 


Fig. 86. Rear view of mobile VFO with shield 
in place. 


of the control box is given in Figure 94. Two 
8-prong receptacles are mounted on the back 
of the box. These carry the various intercon- 
necting wires between the two transmitter units. 
A “Xmtr on” switch is mounted on the control 
box. When this switch is actuated, filament 
voltage is applied to all tubes in the transmit- 
ter, and the control circuit is energized. When 
the control circuit of the microphone is 
grounded, the main dynamotor relay in the 
modulator-power unit is energized, applying 
plate voltage to the transmitter. 

Also mounted in the control box are a 3- 
inch meter and switch allowing the operator 
to monitor the grid and plate current of the 
2E26 amplifier stage. Mounted within the 
control box are the voltage regulator tube for 
the oscillator stage and its associated voltage 
dropping resistor. 


Transmitter Assembly 


The placement of parts within the r-f section 
of the transmitter may be seen in Figure 92. 
The complete unit is built within an aluminum 
chassis measuring 10”x12”x3” (Bud AC-4]3). 
The multiplier unit is laid inside the chassis, 
with its leads projecting to the left, as viewed 
from the front. A 3” space is left between the 
multiplier unit and the edge of the chassis. 
The top rear lip of the chassis is notched to 
permit the rear extension of the multiplier 
bandswitch shaft to. pass within the chassis 
enclosure. _- 

The space to the left of the multiplier con- 
tains the 6AU6 variable frequency oscillator 
and the two 12AU7 multiplier tubes. The 
6AU6 tube is mounted horizontally on a shield 
plate that separates the oscillator section from 
the multiplier area. The oscillator mounting 
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Fig. 87. Under-chassis view of VFO, showing 
modified tuning condenser. 


plate is cut from a 3”x314” piece of soft alu- 
minum formed into a 3”x3” plate having a 14” 
lip on the bottom edge. The plate is held 
firmly in place by this lip, plus a small angle 
bracket made of aluminum that holds the top 
edge of the plate to the wall of the chassis. 

The two 12AU7 multiplier tubes are 
mounted on an aluminum deck measuring 
6”x112”, having a 1%” lip along the length of 
the piece. This plate bolts to the mounting 
holes of the multiplier unit, and also to the 
oscillator shield plate. The multiplier tubes 
are mounted upside down on the long deck, 
with the multiplier leads passing through grom- 
metted holes in the deck to reach the pins of 
the tube sockets. The multiplier padding con- 
densers in the grid circuits of the 12AU7 tubes 
are mounted to the edge of the deck in a 
vertical position, and may be tuned by a screw- 
driver inserted through tuning holes drilled 
in the left side of the chassis. The main 
power plug is mounted in the rear corner of 
the chassis, to the left of the multiplier deck. 

The space to the right of the multiplier unit 
is taken up by the components of the 2E26 
stage. The 2E26 is mounted in a horizontal 
position, its socket being fastened to a 414”x 
242” deck which is mounted parallel to the 
front panel, as shown in Figure 92. The plate 
circuit tuning and loading condensers, the p-a 
band switch, the plate coils and the other 
plate circuit components are mounted in the 
large area to the right of the multiplier. 

This unusual type of construction results in 
a complete r-f section that is only three inches 
high. The extremely small height of the unit 
permits it to be mounted beneath the dash of 
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most automobiles with a minimum of effort. — 


The v-f-o tuning dial is at the extreme left of 
the chassis, allowing the driver of the automo- 
bile to reach it with a minimum of effort. 
Assembly of the modulator-power unit may 
be observed in Figure 95. The PE-101C dyna- 
motor is mounted on the top of a 3”x5”x10” 
aluminum chassis (Bud AC-404). The dyna- 
motor starting relay and other power com- 
ponents are mounted within the chassis. The 


chassis is then inverted, and an aluminum — 


plate measuring 5”x10” is attached to the open 
“bottom.” The modulator components are then 
mounted upon this plate, leaving the dynamo- 


tor hanging beneath the assembly, in an “up- 


side-down” position. The complete package is 
then bolted to the frame of the automobile 
by means of two large chassis brackets, as 
shown in Figure 95. 

The control circuits are housed within an 
aluminum cabinet 3”x4”x5” in size (Bud AU- 
1028), which is mounted to the right of the 
steering column by means of an aluminum 
clamp. If desired, the microphone may be 
held in position when not in use by a second 
clamp mounted on the free end of the control 
box, as shown in Figure 89. 


Wiring The Transmitter 


The bypass condensers, the plate r-f choke, | 


and screen resistor of the oscillator stage are 
mounted upon the oscillator bracket. The grid 
circuit components are wired with #14 solid 
wire to prevent movement of the components 


under vibration. Switch SJ is mounted upon — 


the front of the multiplier unit so that the 
shaft of the multiplier bandswitch passes — 
through the center segment of the switch. — 


Thus when the bandswitch of the multiplier is 
turned, switch segment SJ turns with it. This 
switch segment is held to the front of the 
multiplier case by means of small metal spacers 
and 4-40 machine bolts that are screwed into 
holes tapped in the front of the case. 


All the components of the multiplier stages — 


are mounted upon the metal deck holding the © 


two 12AU7 tube sockets. Mounting of these 


components may be seen in Figure 92. All 


power leads to the oscillator and multiplier — 
sections are run in shielded wire, with the © 
outer braid securely bonded to ground at — 


both ends of the lead. 


Switch S2 in the plate circuit of the 2E26 is — 


mounted on a small aluminum angle bracket 
affixed to the bottom of the chassis. The two 
plate coils are mounted to the right of the 
switch, and are supported by a strip of lucite 
mounted on two 14” ceramic insulators. The 


power leads that run from the 2E26 socket to — 
,the power plug are made of shielded wire to 
lessen the radiation of TVI-producing harmon-— 
ics. A short length of coaxial line connects a 
the output of the pi-network assembly to the — 
coaxial antenna receptacle mounted at the 


right rear of the chassis. 


After assembly, the open top of the chassis 


/ ee Ot eee 


is covered with a piece of perforated alu- 
minum stock, cut to fit the chassis and held 
in place with sheet metal screws. 

Wiring of the modulator power unit is 
straightforward. It is only necessary that all 
power leads to the dynamotor be made of a 
wire equal to or greater than #/0 to minimize 
voltage drop in the power leads. 


Transmitter Alignment 


After the wiring has been completed and 
checked, the transmitter should be bench- 
checked with an a-c operated power supply 
before being placed in the automobile. The 
tT-f section should be checked first. The band- 
Switch should be set to 40-meters, and the 
oscillator checked in a nearby receiver. The 
45 ypfd. padding condenser in the oscilla- 
tor should be set so as to provide a tuning 
Tange of 3.5 to 3.65 Mc. on the vernier 
dial of the oscillator. This range should oc- 
cupy almost 180 degrees of the dial. It may 
be necessary to squeeze or expand the wind- 
ing of the oscillator coil (LJ) to achieve this 
Tange within the limits of the padding con- 
denser. The dial is now calibrated in the 40, 
20, 15 and 10 meter harmonic ranges. 

After this range has been set, the bandswitch 
should be set to 80-meters. On this band, the 
oscillator covers the range of 3800-4000 kc. 
Formerly (for 40-meter calibration) the os- 
cillator tuned the range of 3500-3650 kc. 
Now, the 45 yufd. auxiliary padding condenser 
connected into the circuit on the higher fre- 
quency bands is removed by the action of S/ 
and the oscillator range is set to 3800-4000 kc 
by varying the 12 yyufd. oscillator padding con- 
denser. By adjusting these two condensers, the 
two separate tuning ranges may be easily set 
on the dial of the oscillator. 

_ The tuning adjustments of the Wide-Band 
Multiplier are located on the top of the case, 
nd may be reached through holes drilled in 
the right end of the transmitter chassis-box. 

djustment of these tuning condensers, and of 
he grid circuit padding condensers is fully 
povered in the instruction sheet supplied with 


PHONE BANDS SHOWN WITH 
DARKER LINES 


2 PIECES OF 1/8" LUCITE 
CEMENTED TOGETHER 


DIAMETER OF HOLE “D" IN HUB 
IS MADE A SNUG FIT ON 
CONDENSER SHAFT. 


Fig. 88. VFO dial. Note harmonic rela- 
tionships of bands. 


Fig. 89. The transmitter control box mounts to 

the right of the steering column. The complete 

20 watt bandswitching transmitter is mounted 
beneath the dash of the automobile. 


the multiplier unit. The procedure, in brief, 
is to tune the grid circuits to the low end of 
the operating range, and the plate circuits to 
the high frequency end of the operating range. 
The grid padding condensers are adjusted to 
compensate for the extra capacity which is 
present when the stage in use is switched to the 
p-a grid circuit. | 


CONTROL 
BOX 
(ON STEERING 
COLUMN) 


MODULATOR 
R-F UNIT DYNAMOTOR 
(UNDER DASH) UNIT 
(UNDER HOOD) 


8 WIRE CABLE 


(SHIELDED) 


6 VOLTS 
Fig. 90. Block diagram VFO transmitter. 


Final adjustment of these circuits may be 
easily accomplished by observing the grid cur- 
rent to the 2E26 tube and adjusting the mul- 
tiplier circuits to provide approximately 2 mil- 
liamperes of grid drive across each frequency 
range. 

The power amplifier stage may be checked 
by loading it into a lamp bulb or other suit- 
able dummy load. The exact value of the 
shunt condensers in the output circuit of the 
pi-network will have to be determined after 
the transmitter has been placed within the car. 
The values shown will do for a starter. If the 
resonant plate current dip on a certain band 
cannot be brought down to a value of 70 ma., 
the particular padding condenser in use on that 
band will have to be increased in value. 

As a final step, the variable resistor in series 
with the voltage regulator tube (located in the 
control. box) should be adjusted to provide a 
current through the regulator tube of 15 ma. 
The v-f-o plate current is about 6 ma., and 
the multiplier stages draw approximately 35 
ma. This value varies from band to band. The 
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total exciter stage drain is slightly over 50 ma. 
The class B modulator resting current is 15° 
ma., rising to about 60 ma. under conditions of 
100% modulation. A Shure 102€ microphone 
is used with this particular transmitter.’ 


a Versatile 60°Watt 
All-band | 
Mobile Transmitter 


~. 


Shown in Figure 97 is a 60 watt mobile unit 
that’ features low level speech clipping and 
high and low level audio filtering. This fea- 
ture,- plus all-band operation and provisions 
for- VFO control result in a compact and 
highly efficient transmitter. The use of speech 
clipping and filtering allows an unusually heavy 
degree of modulation of the transmitter with- 
out the sideband splatter that accompanies 
high-percentage modulation of the more com- 
mon mobile rig. The input level of 60 watts 
assures that the transmitter can hold its own 
during periods of heavy QRM. The addition 
of speech clipping allows a great degree of 
speech intelligibility even when the received 
signal of this transmitter is of such a low 
level as to normally be unusable. With the addi- 
tion of an external VFO unit, the transmitter 
has unusual flexibility of operation. 


Parts List 
C1—50 uufd. Bud MC- tion switch deck. Cen- 
1863 tralab Type 2500, Num- 4 
C2—12 uufd . ceramic. ber-“X 2 Pac 
Centralab .822FZ - $2—Two pole, 5 position © 
-C3—45 uufd ceramic. ~. switch. Centralab’ PA- 
Centralab 822AN . 2008 - cee 
~C4—500 uufd silver mica L1—21 turns-#22e space © 
C5—1000 uufd silver mica wound on 1”: x %”— 


C6—50 uufd mica form (National XR-72 
C7-C9—100 uufd mica with slug removed) 
C10-C12—80 uufd variable L2—8 turns of B&W 3104 — 


mica padder | Miniductor, 1” diam, 1” — 
C13—150 uufd. Bud MC-. long. 808T. Air Dux 
1856 - 10 meter tap 2 turns up 
C14—300 uufd. Bud MC- . from C14. 15 meter tap 
1860 5 turns up from C 14. — 
C15-C17—Mica  condens- 20 meter tap at junc- 
ers. Adjust capacity of tion point of the two. 
each unit to fit particu- coils i 
lar mobile antenna in L3—89 ‘turns of B&W 
use 3105 © Miniductor, 1” — 
All bypass condensers are diam, 214” long... 40° 
Centralab type DD cer- meter tap 10% turns 
amic units, or equiva- from junction point of — 
lent © L2 and L3: . a 
RFC1-RFC3—2¥% mh. Na- PC—50 ohm, 1 watt com- 
tional R-100 position resistor wound © 
RFC4—2%4 mh. National ‘ with 3 spaced turns 
R-100U #18 wire 
RFC5—VHF choke. Ohm- P1i—Cinch-Jones © P2408- 
ite Z-144 SB. chassis plug and 
Sl1—Single pole, 5 posi- $2048-CCT cable socket 


* 


Fig. 92. Top. view of VFO transmitter. The 
“Labgear” multiplier unit occupies the center 

of the chassis. The 2E26 stage is to the right 

of the multiplier, and the VFO to the left. 


This unit is designed to operate in conjunc- 


tion with the. new dual voltage vibrator-type 
power supplies now on the market. The high 
overall efficiency of ‘this type of supply ‘as- 
sures that the greatest possible conversion 
efficiency from the automotive primary supply 
to the operating voltages is obtained. 


Transmitter Circuit 


The circuit of the 60 watt transmitter is 
shown in Figure 98. Seven tubes are employed 
in the transmitter: two in the r-f section, and 
five in the audio section. A 6AG7 pentode'’ is 
employed in a modified Tritet oscillator circuit. 
When crystal control is used, the oscillator 
will deliver sufficient driving power to the p-a 
stage on 40, 20, 15 and 10 meters when a 
7-Mc. crystal is employed. An 80 meter crys- 
tal is employed for 80 meter operation, and 

may be used for 40 meter operation, if desired. 
The cathode circuit of the 6AG7 stage employs 
-a high-C circuit tuned to approximately 10.5- 


ak 


Mc, This tritet. circuit permits harmonic opera- 
tion of the oscillator, yet does not detract from 
fundamental “straight-through” operation. The 
plate circuit of the oscillator stage is band- 
switched to the various amateur bands. by 
means of SJ. The grid drive to the amplifier 
Stage is controlled by R1, the screen voltage 
potentiometer in the 6AG7 circuit. 

A single 6146 is'used as a class-C amplifier 
on all bands. The tube normally operates at 
a plate potential of 500 volts, and a plate 
current of 120 milliamperes, for an input of 
60 watts. The plate circuit of this stage is a 
simple pi-network ‘that will efficiently match 
the plate impedance of the tube to a low im- 
pedance coaxial line on all bands. A “tune- 
operate” switch (S2) is placed in the screen 
circuit of the 6146 tube to allow removal of 
the screen voltage during tuning periods. The 
plate circuit tuning condenser, C2, is-a 140 
vpfd. unit, which provides a correct L/C ratio 
on all bands except 80 meters. To maintain 


*the correct ratio on this band, an auxiliary 


100 yufd. mica condenser is connected in par- 
allel with the tuning condenser by the action 
of switch $3. 

The transmitter is designed to be used with 
a single-button. carbon microphone, such as 
the surplus T-77 unit. The first section of a 
12AX7 high-mu:triode is used as a grounded 
grid audio amplifier stage. Microphone cur- 
rent is obtained from the cathode current of 
the tube, thus eliminating the need of a micro- 
phone battery and transformer. The second 
section of the 12AX7 is used as a resistance 
coupled voltage amplifier, with the gain con- 
trol potentiometer, R2, in the grid circuit. The 
voltage amplifier is capacity coupled -to a 
6AL5 audio clipper. The actual level of ‘clip- 
ing is controlled by the clipping potentiometer, 
R3, in the plate circuit of the 6AL5. Minimum 
clipping occurs when the arm of the poten- 
tiometer is at the high voltage end of R3. 

To reduce the higher-order audio compo- 
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nents created by clipping action, the output of 
the 6ALS stage is passed through a low-pass 
audio filter that substantially eliminates all 
audio frequencies above 3500 cycles. The 
clipped and filtered speech wave passes next 
to a 12AU7 voltage-divider type phase in- 
verter which delivers out-of-phase audio volt- 
ages to the grids of the two 6L6 class-AB 
modulators. These tubes are capable of 30 
watts output of fully clipped audio power. 
Following the modulator stage is a second 
low-pass audio filter which removes the re- 
sidual audio frequencies lying above 3500 
cycles. It is immediately apparent that this 
clipping-filtering system is a decided advantage 
in mobile work when the transmitter is moni- 
tored in a nearby receiver. The modulation 
is heavy and full, yet the signal is sharp, hav- 
ing none of the sideband splatter commonly 
heard on mobile equipment. 

Three circuits are measured in the transmit- 
ter: grid current of the 6146 amplifier stage, 
plate current of this stage, and plate current 
of the modulator. A single 15 milliampere d-c 
meter is used for the purpose. Direct reading 
of the meter is used for the grid current 
measurement, while the scale is multiplied by 
a factor of ten for each of the plate current 
measurements. Suitable shunts are incorpor- 
ated in the positive voltage leads to the mod- 
ulator and the p-a stage to provide a full-scale 
reading of 150 millamperes on the meter. A 
two pole, three position switch ($5) is used to 
switch the meter across the chosen circuit. 

All power and control wires to the trans- 
mitter. pass through a single power plug 
mounted on the back apron of the chassis. 
Each pin of this plug is bypassed to ground 
to insure minimum leakage of TVI-producing 
harmonics through the power wiring. 


The Auxiliary VFO 


Provision is made to use an auxiliary VFO 
with the transmitter. A suitable unit is the 
Johnson Mobile VFO. This VFO may be pur- 
chased in kit form, and wired. A power plug 
is incorporated in the transmitter to supply 
plate and filament voltages to the VFO unit. 
The r-f output of the VFO is coupled to the 
input circuit of the 6AG7 oscillator tube by 
means of a short length of coaxial line. A 
double-pole double-throw slide switch converts 
the oscillator stage to a buffer stage, suitable 
for use with the external VFO. The Johnson 
VFO has a built-in voltage regulator, and since 
one is not required for crystal operation of 
the transmitter, no provision for voltage regu- 
lation has been incorporated in the transmitter. 


Transmitter Construction 


A good idea of the transmitter package 
assembly may be gained from inspection of 
Figures 97, 99 and /00. The transmitter is 
built upon an aluminum chassis measuring 7”x 
11”x12” (Bud AC-407). An aluminum enclo- 
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sure made from a sheet of Reynolds Metal Com 
“Do it yourself” perforated aluminum is formed — 
around the top of the chassis. The overall 
height of the transmitter cabinet is seven inches. 
The enclosure overlaps the edge of the chassis 
one-half inch, providing an enclosure height 
of five inches above the chassis. The enclosure 
is formed from a sheet of perforated aluminum — 
measuring 512”x30”, and is bent to shape by 
clamping the sheet between blocks of wood, 
and forming the corners with a hammer. A 
one-half inch lip at each end of the enclosure 
is used to fasten the enclosure to the back of 
the front panel. The enclosure is firmly 
fastened every two inches around the edge of 
the chassis by means of 46 self-tapping sheet 
metal screws. The enclosure is held to the 
front panel by means of 4-40 machine screws. 

A short length of 42”x12” aluminum angle- 
stock is cut to length to form a brace around 
the inside edge at the top of the enclosure. A 
piece of perforated aluminum is cut to size 
to form the enclosure top, and is held in place 
with #6 self-tapping sheet metal screws. A 
second such sheet is employed to close the 
bottom of the chassis. A good TVI-proof en-- 
closure is the result of this small. amount of 
sheet metal work. 

Placement of the major components above 
the chassis may be observed in Figure 99. 
The audio components are to the rear of the 
chassis, and the r-f components are grouped 
at the front. At the extreme rear are the mod- 
ulation transformer, T/, and the two 6L6— 
modulator tubes. Next to the 6L6’s is the low-_ 
pass filter, LPF-2, and the 12AU7 phase in- 
verter tube. At the edge of the chassis are 
located the 6AL5 clipper tube and the 12AX7_ 
speech amplifier. The audio gain control, R2, 
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Fig. 94. Schematic, Control Box. 


The modulstor-power supply unit is 
mounted to the radiator frame of the auto- 


Fig. 95. 


mobile, beneath the hood. The 300 volt, 150 
ma. dynamotor is mounted upside-down beneath 
the modulator. 


is located on the side of the chassis below 
the 12AX7 socket. The clipping level control, 
R3, is mounted on the chassis in front of the 
12AU7 socket. This control is rarely adjusted, 
and in this case, a screw-driver type adjustment 
was employed. 

To the front of the modulator stage is lo- 
cated the high level audio splatter choke, CH. 
At the opposite side of the chassis the antenna 
change-over relay is placed. 

- Placement of the panel controls (Figure 
97) dictates to a great extent the placement 
of parts directly behind the front panel. The 
antenna loading condenser (C3) is mounted 
to the chassis on one side of the O-15 ma. 
meter, and the meter selector switch (S55) is 
placed on the opposite side of the panei to 
balance the dial of C3. The plate tuning con- 
denser (C2) is mounted to the front panel 
directly above C3, and is counterbalanced on 
the other side of the panel by the excitation 
control. potentiometer, RJ. The p-a_band- 
switch, $3, is mounted directly above the 2” 
meter. 

Below chassis, the oscillator tuning con- 
denser, C/, is directly under the meter switch, 
in the corner of the chassis. It is mounted 
about 3” behind the front panel, and driven 
by an extension shaft and a flexible coupling. 
The oscillator plate coil selector switch (S/) 
is beside CJ, and is mounted about 414” be- 
hind the front panel. It is driven by an 
extension shaft from the knob on the panel. 
The tube socket for the 6AG7 oscillator iS 
‘mounted directly in front of SJ, the shaft of 
S] passing directly over the socket. The socket 
for the 6146 tube is mounted to the side of 
‘SI, about 1” from the edge of the: chassis. 
The auxiliary antenna coupling condensers and 
their switch (S4) are placed directly , below 
the antenna loading condenser, C3. .' 


the VFO power plug, the coaxial receptacle 
for the VFO output lead, the “tune-transmit” 


Along the left side of the chassis are placed 


Mis sar 


switch ($2), the crystal socket, and the “VFO- 
crystal” switch, SJ. The right side of the chas- 
sis holds the audio volume control, R2, and 
the antenna coaxial receptacle. The power 
plug and the receptacle for the receiver an- 
tenna are mounted on the back lip of the 
chassis. 


Transmitter Wiring 


Reasonable care should be taken in wiring 
the transmitter, since a large amount of parts 
are to be placed in a relatively small area. 
All filament wiring should be done first, fol- 
lowed by the leads to the meter switch and the 
microphone jack. The meter shunts are 
mounted on a phenolic terminal strip just 
below the modulation transformer. Many of 
the resistors in the audio stages may be 
mounted between the pins of the tube sockets, 
or between the socket pins and nearby tie- 
point strips. 

The small slung-tuned oscillator coils are 
grouped around the oscillator band switch, 
care being taken that the coils do not come 
too close to the splatter choke, CH/, mounted 
above the chassis. Sufficient clearance must 
be left above the chassis to permit screwdriver 
adjustment of the coil slugs. 

The high frequency section of the 6146 
plate coil is mounted by its leads directly 
to the back of S3. One end of the coil is 
attached to the stator lug of C2. The low 
frequency section of this coil is mounted in 
a vertical position, directly behind the excita- 
tion control potentiometer, RJ. To hold it in 
place, a strip of lucite about 12”x2”x1”" is 
attached to the back of RJ by means of Duco 
cement, and the coil is fastened to the strip 
by means of the cement. The 1250 volt 
mica padding condenser used for 80 meter 
operation is mounted above R/, as shown 
in Figure 99. All r-f wiring above the chassis 
is done with #16 tinned wire. 


Testing the Transmitter 


Before the transmitter is placed in the 
automobile, it should be bench tested with 
an a-c operated power supply. 300 volts at 
50 milliamperes is required, as well as 500 
volts at about 225 ma. The 6AG7_ tube 
and the 6146 should be inserted in their sock- 
ets and low voltage applied to the transmitter. 
Various crystals should be tested, and the grid 
current to the 6146 measured on all bands. 
It should be 2 ma., minimum. Care must 
be taken to retard R/ on the low frequency 
bands to keep the grid current of the 6146 
below 4 ma., or damage to the tube might 
result. Both the 10 meter and the 15 meter 
bands are covered on the so-called “10 meter” 
position of SJ. The 10 meter operating point 
is at minimum capacity of CJ, and the 15 
meter position near maximum capacity. 
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Parts List 


T1—Microphone . Trans- 
former. Stancor A-4705 


auto battery is ground- 
ed, reverse polarity of 


Oipfd - 


T2—Driver Transformer. 
Merit A2922 


T3—15. watt Modulation 


this condenser 
RY-1—Horn relay 
P2—Cinch - Jones S2408- 


Transformer..-’ UTCS-18 SB chassis socket and 

Primary impedance = P2408-CCT cable plug 

7000 ohms. Secondary’ Note—Ground dynamotor 
» impedance = 4000 ohms primary circuit directly 
CH1 — Triad. Splatter at P-2 to reduce pri- 

choke C-26X - mary circuit voltage 
C1—10 uf, 25 volt elec- _ drop 


trolytic. If positive of 


The slugs. of the 20, 40 and 80 meter oscil- 
lator coils should be adjusted so that oscillator 
resonance occurs “with Cl about one-half ca- 
pacity. 

A suitable’ antenna load should be con- 
nected to the transmitter and high voltage 
apelicd to the unit. Until $2 is closed, the p-a 


Fig. 97. 60 watt all-band mobile 
transmitter. Designed for use with 
an external VFO, this. transmitter 
incorporates speech clipping and 
audio filtering. Operating on the 
10, 15, 20, 40 and 80 meter bands, 
this transmitter is an ideal unit for 
the serious ‘‘mobileer.” It may be 
used with a home-built or commer- 
cial VFO. 
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Fig. 96. Schematic of modulator power unit. 3 


Stage remains inoperative. For 80 meter opel 
ation switch $4 shouid add maximum loading 
capacity to the circuit, and should remove al 
extra capacity for. 10° meter Operation. - At 
resonance, plate current of the 6146: stage 
should drop to 20 ma. or less. Under condi- 
tions of correct loading, the plate current | ol 
the 6146 may be as high as 140 ma. a 

After the r-f section of the transmitter is 
Operating properly, the audio tubes may be 
inserted in their sockets. Resting plate current 


o Lowes 


of the modulator stage should be about 80 si 
As a Starter, the elp ping control, (RS, should 
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Parts List 


All bypass condensers 
centralab type DD or 
equivalent | 


C1—-50 uufd. Bud MC- 
1856 


C2—-uufd Bud M©1856 

C3—Two section b-c type, 
350-350 uufd. 

L1I—8 turns #20, 1” 
diam, 14” long (2.4 uh) 
B&W 3015 or Air Dux 
816T 

L2—(10-15 meters) 8 
turns, 1144” diam. 1” 
long #14e. Resonate 
to 29.7 me with Cl 
90% open 

L3—(20 meters) 23 turns 


#28e, %” diam, %” 
long (3 uh) J. W. Mil- 
ler Co. #4504 with 


powdered iron slug 
L4—(40 meters) 38 turns 
#32e, 1%” diam, %” 


with powdered iron 
slug 
L6—(10-15 meters) 8 
turns #{14e, 1” diam, 2” 
long Air-dux #804T. 
(Ten-Fifteen meter tap 
at 6% turns) 
L7—(20-80 meters) 26 
turns #18e, 1” diam, 
14%” long Air-dux 
##816T. 20 meter tap at 
6 turns, 40 meter tap ut 
17 turns 
R1—15,000 ohms, 4 watt 
potentiometer 
S1—Single pole, 4 posi- 
tion ceramic switch 
S4—Two pole, 4 position 
ceramic switch 
LPF-2—Low Pass Filter. 
Chicago Transformer 
Co. LPF-2 
T1—Universal Modulation 
Transformer. 40 watt 


long (9 uh) J. W. Mil- 
ler Co. # 4506 with 
powdered iron slug 
L5—(80 meters) 45 wh. J. 
W. Miller Co. 74509 


Triad M3X 
CH1—100 ma. splatter 
choke. Triad C-26X 
P1i—Jones Plug, 5 con- 
tact, 20 ampere 


be set with the arm at the high voltage end 
of the potentiometer. This results in no clip- 
ping. Audio excitation should be applied to the 
modulator, and the audio level control ad- 
vanced until the modulator plate current kicks 
to 120 ma. or so. The clipping control may 
now be advanced until it is at about 14 scale. 
Too much clipping will make the voice sound 
rough and boomy. When the correct clipping 
level is found, the audio level may be advanced 
a bit until a point of overmodulation is found. 
Just before this point, the audio system will 
be at a point of maximum effectivity. 


Car Installation 


The transmitter is designed to operate from 
a dual voltage supply providing 300 and 500 
Volts. If desired, a PE-103A dynamotor may 
be used for the high voltage supply, and a 300 
volt, 100 ma. vibrator supply for the low 
voltage power unit. Filament connections for 
both six and twelve volt operation of the 
transmitter are given in Figure 101. 


Mobile TV 


A great many amateurs are turning to mobile 
Operation as an “out” to TVI. They assume 
that the low powered mobile transmitters will 
not cause T'VI, or if they do, that it will not 
last for long on any particular TV set, as the 
car is in motion. Both of these assumptions 
are apt to be incorrect. The strength of the 
transmitter harmonics have little to do with 
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Fig. 99. 


Top view of the 60 watt transmitter 
the audio section is te the left (rear of trans- 
mitter) and the h-f section to the right. 6146 
plate coils are mounted to the reer of the p-a 


plate switch. The same coil section serves for 

both 10 and 15 meter operation. The antenna 

relay is just behind the 6146 tube. 
the power input to the transmitter. Instances 
have been brought to light where a 20 watt 
mobile transmitter blocked Channel 2 for a 
radius of 4 miles from the car. | 
The problem of Mobile TVI is not so bad 
on the low frequency bands of 80 and 40 
meters, since the harmonics from these bands 
are of a higher order than are those of a 10 
meter transmitter. Even so, certain precautions 
must be taken on these bands to prevent ex- 
cessive harmonic generation and radiation. The 
following points must be taken into account re- 
gardless of the operating frequency or power 
of the transmitter: . | 
1—Correct circuit design to minimize har- 
monic generation. | 
2—Suppression of generated harmonics. 
3—Filtering and shielding to confine gen- 
erated harmonics. = 
Let us examine each one of these points in- 
turn, and see how they enter into the mobile 
field. 


Correct Circuit Design to Minimize 
Harmonic Generation : 


The choice of circuit and the way it is as- 
sembled and wired will have a definite bearing 
upon the harmonic content of the transmitter. 

1. The modulated amplifier should operate 
“straight through,” and never as a frequency 
multiplier. A modulated doubler stage will 
radiate appreciable energy upon the sub-har- 
monic and the third harmonic, in addition to” 
having greatly enhanced higher harmonics. 

2. The modulated amplifier should operate 
with a relatively high-C tank circuit. A single 
ended pentode stage requires a great deal 
higher C/L ratio than a push-pull stage of the 
same power input. Evidence of too low a C/L 
ratio often shows up in a pentode stage by 
erratic tuning—maximum output and mini- 
mum plate current dip not coinciding on the 


uning condenser. 

3. If possible, the modulated stage should 
ot be driven by a doubler. This is a redun- 
ant statement, since this is the universal prac- 
tice. It is not the best scheme, however, from 
a TVI point of view. If this practice is fol- 
owed, care must be taken to suppress the gen- 
rated harmonics before they can cause 
damage. 

4. The transmitter should be tested for 
nstability and parasitics. Many times a para- 
sitic will lie quiescent until the plate voltage 
reaches a high level on a modulation peak, 
then it will break forth, generating a whole 
string of harmonics. A quick check for para- 
sitics may be made by removing the crystal 
from the transmitter and turning it on. If grid 
current flows in the final stage under this con- 
dition, it is a sure sign that the final stage has 
a parasitic in it. This test should be done 
rapidly to prevent the transmitting tubes from 
eing harmed by the temporary overload. The 
eader is referred to the various Amateur 
Handbooks for a discussion of parasitic elimin- 
tion. 


Suppression of Generated Harmonics | 


1. By careful assembly, the generated har- 
monics may be attenuated and suppressed. All 
ower leads should be bypassed at the tube 
end and also at the power receptacle end of the 
wire. Small, ceramic, “oystershell’’ condensers 
make excellent bypasses for such leads. The 
condenser leads should be kept as short as 
ossible for most effective bypassing. Paper 
and mica condensers should be avoided 
wherever possible in r-f circuits. 

2. If space allows, all power leads and fila- 
ment leads should be made out of shielded 
wire. The shield at each end of the lead should 
e grounded to the chassis. This is sometimes 
difficult thing to do in a compact mobile 
installation. However, it is a “must” if much 


Fig. 100. Under chassis view of 
transmitter. The oscillator coils 
are at center behind the oscilla- 
tor bandswitch, $1. Tritet coil for 
the 6AG6 is directly beside the 
tube socket. Audio components 
are grouped at rear of chassis. 


10 meter operation is contemplated. 

3. All leads leaving the transmitter should 
be filtered. At the minimum, this means a .001 
pufd. ceramic “oystershell,” such as the Erie 
801-001 on each lead. For high voltage leads 
carrying over 400 volts, the Erie type 1RSKV 
high voltage disc Ceramicon is recommended. 
This condenser is made in 1500, 3000 and 
6000 volt ratings. 

Condensers such as these, mounted directly 
between ground and the prongs of the power 
plug will effectively “cool off” the power wir- 
ing to a great degree. In extreme cases, a 
small VHF r.f. choke, such as the Ohmite Z- 
50 must be put in series with the power leads 
just after the bypass condensers. 


Filtering and Shielding to Confine 
Generated Harmonics 


1. The transmitter must be shielded. A nice, 
new, shiny cabinet is no guarantee of good 
Shielding. All cabinet seams that are spot 
welded should be cleaned and soldered shut. 
The panel should make a good electrical con- 
nection to the cabinet, and should be bolted 
to the cabinet every two inches or so. Venti- 
lation louvres should be screened on the inside 
to prevent stray radiation thru the slots. 

2. The r.f. output circuit of the transmitter 
should leave the enclosure of the transmitter 
via a shielded coaxial plug. In this way a coax 
line filter may be employed without the danger 
of the harmonics dodging the filter by running 
up the outside of the coaxial line. 

3. If the antenna relay is not incorporated 
into the transmitter, it should be mounted in 
a closed box, with a coaxial fitting on one side. 
A coax line may run from this fitting to the 
r.f. coax fitting of the transmitter. The 6 volt 
line to operate the relay should be bypassed as 
it enters the relay box, and, if possible, the line 
should be shielded. The box may be mounted 
at the base of the whip inside the car to keep 
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Filament connections, 6 & 12 volts. 


Fig. 101. 


the lead from the relay to the antenna to a 
minimum. 


Antenna Filters 


After the transmitter has been cleaned up, 
it is time to think about antenna filters. The 


usual mobile installation uses a tuned antenna. 


fed with a short length of 50 or 70 ohm coax- 
ial line. Since it is a rare whip that provides a 
50 or 70 ohm termination for a coaxial line, 
the usual mobile installation must either put 
up with a SWR (standing wave ratio) of 2 or 
3 to 1, or use some sort of matching device 
between the line and the antenna. At the power 
levels encountered in mobile work, a standing 
wave ratio of this magnitude is not serious, 
and the filters to be described will perform in 
a satisfactory manner. 


A Parallel Tuned Filter 


This low pass filter is designed for use in a 
50 ohm line. Figure 102. It is a pi section 
filter, with three tuned networks. Network A 
is tuned to channel 2 (58 Mc.), Network B 
is tuned to Channel 4 (71 Mc.), and Network 
C is tuned to Channel 2 video (54 Mc.). 
Higher channel attenuation is achieved by the 
parallel condensers to ground. 

The filter may be installed as a separate unit 
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or it may be built directly into the transmitter. 
between the coax relay and the antenna out-- 
let receptacle. In either case, the addition of 
the filter may introduce some reactance into 
the circuit which is easily compensated for by 
retuning the final amplifier. If a pi network 
is used, the loading condenser will have to be 
increased in value. If it is not big enough, a 
small ceramic or mica padder should be- 
shunted across it. 


Construction 


The unit may be built in a small dural box, — 
with the coax fittings on each end. The parallel 
tuned circuits may be made by winding No. 20° 
enameled wire directly upon the NPO ceramic 
condensers. Solder one end of a few feet of 
No. 20 enameled wire to the ceramicon pig~ 
tail and wind the coil according to Figure 102. 
Solder the other end temporarily to the other 
lead of the condenser and grid-dip the circuit. 
Spread or squeeze the turns of the coil until 
the resonant frequency is approximately cor- 
rect. When the three tank circuits are com- 
pleted, solder them in series and attach the 
93 ppfd. condensers. 

When assembling the complete low-pass 
filter, it is necessary to keep each tank circuit 
at right angles to its neighbor to reduce coup- 
ling. 

This filter has a cut-off frequency of about 
36 Mc. This means that harmonics of 10 and 
20 meters are substantially attenuated. There 
is no noticeable attenuation of the fundamental 
frequency of the transmitter. ; 


o © 


6T, "20 42T, #20 


NOTE ‘ 

COILS ARE WOUND 93 93 
DIRECTLY ON CERAMICON ae WF 
CONDENSERS 


Fig. 102. Simple mobile TVI filter. 
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Mobile Single-sideband 
Equipment 


An amplitude modulated signal—like Cae- 
sar’s Gaul—is divided into three parts: the 
carrier and the upper and lower sidebands. A 
representation of such a signal is shown in 
Figure 1. This signal is an idealized phone sig- 
nal. Only the necessary speech frequencies are 
transmitted. By the use of a low-pass filter in 
the speech equipment, the frequencies above 
3000 cycles have been eliminated, and by 
proper choice of coupling condensers the low 
audio frequencies below 300 cycles are at- 
tenuated. The r-f envelope for a typical ampli- 
tude modulated signal is shown in Figure 2. 
In a typical case of a 100-watt phone transmit- 
ter, the carrier has a power of 100 watts, while 
each sideband contains 25 watts of power. 
Since the intelligence of the signal is transmit- 
ted in the sidebands, and since it is entirely 
possible to obtain all of the wanted intelligence 
by listening to only one sideband, it is apparent 
that a 100-watt a-m transmitter must waste 
a lot of power to generate a sideband of 25 
watts. In mobile work where every watt of 
power must be supplied by the automotive sys- 
tem of the car, the overall low efficiency of an 
amplitude modulation system is a major draw- 
back. 

If it is possible to eliminate the carrier and 
one sideband, the same peak power may be 
placed in the remaining sideband, providing a 
worthwhile increase in radiated power for the 
Same amount of primary power drawn from 
the automotive electrical system. . 


SSB Generators 


There are two methods of generating a sin- 
gle-sideband signal. The older method in use 
for many years is the filter method. The other 
system which has become popular in the last 
few years is the phasing method. Each has its 
own merits and careful design will produce a 
satisfactory signal with either system. 

A block diagram of a filter-type SSB trans- 
mitter is shown in Figure 3. The SSB signal is 
generated at some low frequency and then 
hetrodyned by means of mixer stages to the 
desired operating frequency. In this particular 
example, the r-f signal is generated at 450 kc 
and combined with the audio signal in a mixer, 
or modulator stage. By proper design, the orig- 
inal carrier may be partially suppressed in the 
mixer Stage, and the output of this circuit will 
consist of a double sideband signal, with a 
suppressed carrier. The signal is now run 
through a fixed-tuned filter which removes the 
remainder of the carrier and one of the side- 
bands. A _ single-sideband, suppressed carrier 
(SSB) signal is obtained at the output of the 
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Fig. 1. Relative amplitude-versus-frequency 

representation of a double-sideband AM signal. 

Note the equal distribution of energy (hence 
intelligence) into two sidebands. 


filter. This signal may be mixed (or hetro- 
dyned) to the chosen operating frequency, and 
then amplified at this frequency. 

Since the actual SSB signal is generated at a 
low level, it is necessary to use amplifiers that 
will faithfully reproduce the signal as original- 
ly generated. Such an amplifier is termed a 
linear amplifier. 

A block diagram of a phasing-type SSB 
transmitter is shown in Figure 4. It is not 
necessary for the phasing-type transmitter to 
work at a low frequency as in the case of the 
filter-type exciter. In most cases, the phasing 
transmitter generates the SSB signal directly 
at the frequency of operation. The heart of the 
phasing transmitter is the audio phase-shift 


network. This is a special circuit that will take” 


a restricted range of audio frequencies and 
split it into two channels, maintaining a 90 
degree phase difference between the two chan- 
nels. The r-f signal is also fed into a phase 
splitting network to obtain two r-f signals hav- 
ing a 90 degree phase difference between them. 
When the audio signals and r-f signals are com- 
bined in the proper manner in diode modulator 
stages, two double-sideband suppressed carrier 
signals are formed. These two signals are then 
combined, resulting in a cancellation of one set 
of sidebands. The resulting emission is a sin- 
gle-sideband, suppressed carrier signal. 


“A” 100 % MODULATED 


“8B” UNMODULATED 


a 
| Sel SH | 


RELATIVE VOLTAGE 


Fig. 2. This is the common r-f envelope pat- 

tern of a double-sideband AM signal with 100% 

modulation (1000 cycle tone) at the left. The 

envelope appearance in an unmodulated condi- 
tion is shown at the right. 
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Examples of each type of SSB transmitter 
will be given in this Handbook. For a complete 
discussion of SSB theory, design and practice, 
the reader is referred to Single Sideband Tech- 
niques, by Jack N. Brown, W3SHY, published 
by Cowan Publishing Corp., 67 West 44th St., 
New York 36, N.Y. 


a Mobile 
Phasing Transmitter 


Described herewith is a simple phasing-type 
SSB transmitter designed for mobile work 
capable of raising the level of your signal at 
the distant station by 9 DB (approximately 
equivalent to jacking up your 50-Watt signal 
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DOUBLE SIGEBAND 
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SIGNA 


XTAL 
OSCILLATOR 


to a hefty 400 Watts). This is accomplished 


gain control is interposed between the second 


stage and the control grid of one half of a 
12BH7 used to furnish a small amount of 
audio power which is needed to drive the bal- 
anced input of the phase shift network through 
the coupling transformer, TJ. 

The audio phase shift network, by means of 
several series and parallel pairs of R-C circuits, 
develops two output signals, amplified sepa- 
rately by the two triodes of a 12AT7, which are 
identical in amplitude but which maintain 
very close to a 90° phase relationship through- 
out the voice-frequency range. 

These two audio signals, still maintaining 
their quadrature relationship, appear at the 
secondaries of 72 and 73. That from 72 is 


applied to a balanced modulator, consisting of 


a pair of matched germanium crystals, at the 
same time that a 9 mc. radio frequency volt- 
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Fig. 3. Block diagram of a simple crystal-filter type SSB exciter. 


with NO increase in primary battery power 
consumption. The slight additional filament 
drain because of the larger number of tubes is 
much more than offset by the ZERO plate sup- 
ply demand of the final during speech pauses 
.and between syllables. 

The exciter portion is patterned after the 
exceedingly popular 10A unit, marketed by 
Central Electronics Incorporated of Chicago, 
‘Illinois. This not only has the virtue of using 
a circuit that is time-tried and completely “de- 
bugged” but also simplifies the procurement of 
certain components, from the manufacturer of 
the 10A, which might otherwise be difficult to 
obtain. Being able to purchase ready-made the 
phase-shift network eliminates a time-consum- 
ing and laborious task requiring several items 
of precision test equipment not available in 
every ham workshop. 

Without delving too deeply into “sideband” 
theory, which has been well covered elsewhere, 
the functioning of the transmitter stages is as 
follows: One half of a 12AX7 low-noise twin 
triode tube is employed as a dynamic micro- 
phone pre-amplifier stage with the second sec- 
tion providing additional amplification. It 
should be possible to substitute a crystal micro- 
phone without circuit alterations. The speech 


age is applied to the same modulator. By the 
mechanics of modulation this produces a dou- 
ble sideband RF signal from which the 9 mc. 
carrier frequency has been removed by cancel- 
lation in the primary circuit of L3. Slight differ- 
ences in the two crystals of the modulator are 
corrected through the carrier balancing con- 
trol, R23. 

In identical fashion the other audio signal, 
from the secondary of 73, is applied to a sec- 
ond balanced modulator along with a 9 mc. 
signal from the same crystal oscillator. This 
r-f voltage must have a 90° phase relationship 
with that applied to the first modulator and 
phase shift is very easily accomplished making 
use of the principle whereby two resonant cir- 
cuits, less than critically coupled, and detuned 
in opposite directions to the half-power points 
where the resistance and reactance are of equal 
magnitude, will have a quadrature phase rela- 
tion. 

Combining at the primary coil of L3 we have 
two double sideband, carrier suppressed cur- 
rents. Because of the vectorial relationships of 
the pairs of double sidebands, in one position 
of the switch SJ the two upper sideband volt- 
ages will cancel out while the two lower side- 
band voltages will add to double amplitude. 
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Fig. 4. This is a block diagram of the “SSB, Jr.” It is a fundamental- 
frequency type of phasing exciter. Full details are in the Nov.-Dec., 


1950 issue of the ’G.E. Ham News.” 


Reversing the phase of the voltage from 72 in 
the next switch position will cancel the lower 
sideband and pass the upper. 


After passing through L4 and L5, whose 


purpose is the provision of additional discrim- 
ination against unwanted products of modula- 
tion, the lone sideband that remains is applied 
to the signal grid of the 6BA7 mixer stage. 
The oscillator portion of the mixer tube is 
wired as either a Pierce crystal oscillator or to 
accept the 8-volt output of a VFO operating in 
the vicinity of 5 mc. As a result of mixing 
action a number of frequencies are simul- 
taneously present in the 6BA7 plate circuit but 
the only two holding interest for us are in the 
75 and 20 meter bands. All of the undesired 
frequencies are eliminated by the selectivity 
of the following tuned circuits and the 15 mc 
trap. 


The 6AG7 stage furnishes drive for the final 


and is operated as a strictly class A amplifier 


in order that no distortion be introduced into 
the sideband signal. Since class A r-f ampli- 
fiers have extremely high power sensitivity 
stability would be a problem were it not for 
the tuned-circuit loading resistors R34 and 
R35 which serve the twofold purpose of sta- 
bilizing the 6AG7 and improving the regula- 
tion of the r-f voltage fed to the control grid 
of the 807 linear amplifier. 


A large selection of tubes is available for 
use as a final amplifier but, at the supply volt- 
ages common to most amateur mobile installa- 
tions, there seems little to choose between 
them. The old favorite 807 is very satisfac- 
tory and has required no special treatment 
other than the inclusion of the customary para- 
sitic suppressors. 


The output. circuit of the 807 stage uses 
a pi-network for ease of matching the mobile 
antenna. The band selector switches $3, S4 
and S5 are ganged for single control opera- 
tion. Coils have been installed for the 75 and 
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20 meter bands, but switch positions are avail-— 


able for three additional bands. 


The wiring is so arranged that the trans-— 


mitter may be operated from an external a-c 
power supply and used as a fixed station, or 
as an exciter for a high power linear amplifier. 
An extra position on S/ permits the transmit- 
ter to generate a phase-modulated signal for 


NBEFM operation by removal of the audio 


voltage from TJT/ and a slight unbalancing 
of R24. 


The transmitter is enclosed in a cabinet 


designed for under-dash mounting. Cabinet 


dimensions are: 1114” wide, 7” high and 814” 
deep. Most of the parts and their placement 
are visible in the photographs since, unlike 


some mobile equipment, the parts are not 


stacked in inaccessible layers. 


The second resonant coil of the r-f phase- 


shifting network (L2 of Figure 7) secures its 


voltage by induction, hence the one-wire con- © 


nection. By mounting the coil a short distance 


from LJ, L2 picks up sufficient r-f voltage to 


properly operate its modulator. It 


is not. 


critical in placement so long as one remembers ~ 
that the r-f voltage should be several times — 


larger than the audio voltage from T3. 


The various power supply potentials are : 
brought in through a Jones plug on the rear of | 
the chassis. Filament connections are arranged — 


so that a choice of either 6 or 12 volt opera- 


tion is had. All tubes, with the exception of — 
the 807, receive their plate supply from the — 


receiver vibrator supply. This leaves the PE 
103 dynamotor to run just the final. During 


speech the voice peaks cause the 807 plate 


current, as indicated on the panel milliameter, 


to kick up to 100 mils. At the same time the — 


dynamotor output voltage varies between 500 
and 585 volts. 


Tuning information for a phasing transmit- 


ter of this type is covered in the.afore-men- 


tioned book Single Sideband Techniques by 


Jack Brown, 
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a 


a Filter-type SSB 
Transmitter made 
from a BC-453. 
“Command” Receiver 


A simple mobile SSB transmitter may be 
made from a converted BC-453 (190-550 kc) 
surplus “Q-5’er” receiver. Shown in this sec- 
tion is a transmitter of this type designed and 
built by “Buddy” Alvernaz, W6DMN, elec- 
tronic engineer of Jennings Radio Mfg. Co., 
San Jose, Calif. The SSB unit provides a 3- 
watt peak power SSB phone signal at any 
frequency in the 80 meter phone band. The 
complete transmitter may be powered by a 
300 volt, 100 milliampere vibrator power sup- 


ply. 
The Circuit 


The transmitter to be described is of the 
“filter” wpe, using cascaded 85 kc transform- 
ers of the RC-453 receiver to obtain a low 
frequency paSshand suitable for carrier and 
sideband rejection For simplicity, the trans- 
mitter is built directx upon the chassis of the 
“Q-S’er”, since many of the original com- 
ponents, and a part ot the original circuit 
wiring may be employed in she SSB unit. 


Fig. 5. The advantages of 
SSB_ transmission apply 
equally to mobile work or 
fixed station operation. This 
phasing type transmitter is 
‘designed for efficient oper- 
‘ation on the 75, 40, 20, 15 
and 10 meter bands and 
srovides greatly increased 
‘talk power” for a minimum 
of primary power drain. 


Fig. 6. Top view of mobile SSB transmitter. The 
r-f output stage is to the left, audio stages to 
the right. 


A block diagram of the transmitter is shown 
in Figure 13. 9 tubes are employed. Six of 
these tubes mount in the tube sockets that 
are already in the chassis of the BC-453, and 
the extra three tubes are mounted in the un- 
used dynamotor well of the receiver. Refer- 
ence should be made to the circuit diagram 
of the BC-453 “Command” receiver, shown in 
Chapter 3 of this Handbook. A comparison 
between that circuit and the circuit of the SSB 
transmitter of Figure 14 will show the striking 
similarity between the two units, and explain 
the unusual fact that a receiver may be modi- 
fied into a single-sideband transmitter! 

A single 12AT7 is employed as a two stage 
audio amplifier. This tube is mounted in the 
unused dynamotor area of the chassis. Fol- 
lowing this stage is the audio level control, 
Ri, and a 6J5 phase inverter. The 6J5 tube 
is mounted in the 2nd i-f tube socket (V-6, 
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Fig. 7. Complete schematic for the SSB mobile transmitter. © 
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Coil Winding Data, Fig. 7. 


L1 through L7—pre-wound, Central Electronics 

L8, L10—National XR50 forms, 32t. closewound 
#28 enamel 

L9, L11—National XR50 forms, 
#20 enamel 

L12—B & W Miniductor, 1” dia., 40t. 13%” long 

with tap at 6th turn for 20 meters 


17t. closewound 


12SK7). The balanced, out-of-phase audio 
voltages from the 6J5 are. coupled into the 
cathode circuit of a 6SN7 balanced modulator 
tube, which is mounted in the 12SR7 second 
detector (V-7) socket. 

The b-f-o coil of the receiver (L/2-L/3, 
part #5852) is used as the low frequency con- 
version oscillator of the SSB transmitter. A 
6SN7 tube is employed as the oscillator and 
a r-f phase inverter. It is mounted .in the 
12A6 audio amplifier (V-8) tube socket of 
the receiver. Two 85 kc i-f transformers are 
loosely coupled together to form the input 
section of the SSB filter. The last i-f trans- 
former of the receiver (LJO-L11, part #4677) 
is now used as the input transformer, and the 


middle i-f transformer of the receiver (L8-L9, 


Parts List (Fig. 7) 


All Resistors 


Y2 Watt Unless 


Otherwise Specified 


R1I—1.0 megohm.™ 

R2, R5—2200 ohms. 

R3, R4, R6-—220,000 ohms: 
R11, R34—10,000 ohms. 
R12—1.0 megohms: with 


taper. = 
R13, R26—47,000 ohms. 
R14, R19, R25 — 1000 
ohms. 


R15—400 ohms,’ 1% tol. 
~ R16—1400 ohms, 1% tol. 
R17, R20, R33—560 ohms. 
R21—1000 ohms, lw. 


~ R22—100,000 ohms. 


/ 
| 
| 
| 
: 


i 


| 
| 
| 


R23, R24 — 1000 ohms 


. linear pot. . 

R27—180 -ohms. 

R28—4700. ohms,» 2w. 

R29, R30—15, 000° ohms, 
‘10w. 

R31—22,000 ohms. 


R32—150 ohms, 2w. 5 


R35—15,000 ohms. 
R36—56 ohms. 

C1, C3—0.005 ufd. paper, 
400v. 
C2—8ufd. 
trolytic. 
C4—250 ufd. mica, 500v. 
C11, C12, C13, C24—0.001 

wid. mica, 500v. 


@ 450 elec- 


pfd., 5% tol. 500v. 
mica. 
C16, C17, C18—0.005 ufd. 


mica, 500v. 


C19, C20—0.001 wfd. mica, 


5% tol. . 

C23, C26, C28, C33, C34, 
C37, C39, C40, C41— 
0.006 pwfd.-mica; 500v. 


C25—25. wufd. mica, 500v. 
C27—36 wufd. mica, 5% 
tol. 500v.:. ; 
Mufd. 


C29—3 ceramic, 
500v. § 
C31, . C32 — 0.001 - wfd. 


mica. 

C30, C36—200. Pires 5% 
mica, 500v. 

C32, C38—75 utd. mica, 
5%, 500v. 

C42—0.006 + uwzfd. 
1200v. ‘ 

€44—300 mwyfd. variable. 

C45—420 uwufd. per “sect. 
TRF type 2 sections. 

Swl—Modulation selector, 
Central Electronics. 

Sw2—d.p.d.t. Toggle. 

Sw6—s.p.s.t. Toggle. 


mica, 


Sw3, Sw4, Sw5—Ganged 


Mallory Type 181C. ~*. 

Ti—Driver transf., spe- 
cial,. Central Electron- 
1OSs 003% : 

T2,  T3—Mod.. transf., 
special, Central Elec- 
tronics. 

PS1—Phase 
work, special, 
Electronics. 

(a) (b) (ce) (d)—1N48 
crystal diodes ; matched 
set, Central Electronics 

RFC1—0.5 Mh. 

RFC2—6 turns on  56- 
ohm, lw. resistor. 

RFC38—1 Mh. r-f choke 

RFC4—2.5 Mh. r-f choke. 

RFC5—5 turns on 50 
ohm, 2w resistor. 


shift net- 
Central 


Fig. 8. Under-chassis placement of parts within 
the mobile SSB transmitter. 


part #7267). is used as. the center ‘section of 
the filter. The output of L8-L9:feeds the new 
85 ke band-pass amplifier tube, a 6SK7. This 
tube is mounted in the old first i-f ampline! 
tube socket, V-5. 

The output of the 6SK7 ties 1S fed to the 
output section of the SSB filter, which is com- 
posed of the first i-f transformer of the BC- 
453° (L6-L7, part #4698). This transformer 
ee connected to the variable i-f oscillator, a 
6K8 tube which is mounted in the.old 12K8 
mixer socket (V-4). The oscillator section of 
this” stage tunes from 275-635 kc, using. the 
old receiver oscillator coil, L4-L5 (part of as- 
sembly #5852). The frequency of this oscilla- 
tor is set by the main tuning dial of the re- 
ceiver. The r-f output of this mixer stage falls 
in the 190-550 ke region, depending upon the 
frequency of -the 6K8 conversion oscillator. 
The old 12SK7 r-f stage of the receiver (V-3) 
is now converted to a 6SK7 variable frequency 
i-f amplifier, using the mixer grid coils (L2- 
L3, part of assembly 5852) as the input cir- 
cuit, and the old r-f coil, LJ (also part of 
assembly 5852) as the output circuit, At this 
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point, we have a low level SSB signal in the 
190-550 kc region. The remaining step is to 
Cortvert it to the region of the 80 meter band, 
and to amplify it to a useable level. The two 
tubes necessary to accomplish this are mounted 
Git» the dynamotor shelf at the back of the 
receiver. 

The low frequency SSB signal is coupled 
via a short length of coaxial line to a 12AU7 
mixer stage whose socket is mounted in one 
of the dynamotor mounting holes. One section 
of the 12AU7 is the frequency converter, and 
the other section is a conversion oscillator, 
employing a 3610 ke crystal. Using this crys- 
tal permits the conversion oscillator frequency 
range of 190-550 ke to beat the SSB signal 
to a range of 3800-4160 kc in the 80 meter 
region. The conversion crystal may actually 
fall anywhere in the range of 3450-3610 kc 
for proper operation. 

The output of the 12AU7 second mixer 
stage passes through a double tuned trans- 
former (L/4) mounted on the side wall of the 
BC-453 unit, below the dynamotor well. The 
- output of L/4 is applied directly to the input 
-grid of a 6AG7 power amplifier stage. The 
6AG7 tube socket is also mounted in a dy- 
namotor mounting hole at the rear of the re- 
~ ceiver chassis. The output tank circuit of the 
SSB transmitter also mounts at the rear of 
the chassis, above deck, in a small shield can. 


Alignment Instructions 


L1i—Crystal Oscillator: Peak for max. 
output with PM control fully clock- 
wise. 

L2—90° RF Phase Shift: Peak for maxi- 
mum output with PM control slightly 
off balance. Afterward adjust for equal 
sideband suppression with 1225 cycle 
audio oscillator to mike input. 

L3—Balanced Modulator: Adjust for 


maximum output with PM slightly off 
balance. 

L4—9000 kc filter: Adjust the same as 
L3 


L5—9000 kc filter: Adjust the same as 
| Boas 

L6, L7—15 Mc trap: Use Xtal at 5150 
Ke or 3850 Ke. Adjust for minimum 
15 Mc. output with the bandswitch in 
20 meter position. 

L8-L10—Adjust for maximum output at 
3.9 Mc. 

L9-L11—Adjust for maximum output at 
14.2 Mc. 

R-18—Audio Balance: Adjust for mini- 
mum unwanted sideband ripple with 
1225 cycle tone applied to microphone | 
input. 
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Fig. 11. Control circuit for SSB transmitter. 


The complete placement of major parts may 
be seen in Figures 15 and 16. 


Transmitter Assembly 


The first step is to remove all the unwanted 
components from the receiver chassis. The 
entire rear end of the under-chassis area is 
cleaned out, with the exception of the two 
vertically mounted 7,000 ohm resistors (R-22 
and R-23). The audio transformer (T-/), the 
d-c filter components (C-16, C-32, L-14 and 
L-15) are removed as well as the dynamotor 
plug (J-2) and the power plug (J-3). Also 
remove the dynamotor mounts. 

Next the resistors and wires are removed 
from the small under-chassis terminal board 
associated with the 12A6 stage. This board 
is between the 12A6 and 12SK7 sockets and 
contains R-16, R-17, R-20 and R-21. Remove 
the front plug (J-/) and cover, and the asso- 
ciated wiring to the rear plug. Remove all 
wiring from 12A6 socket, except white wire 
to pin #7 (heater). Remove the condenser 
(C-15) over the 12A6 socket. : 

The next step is to remove resistors (R-/2, 
R-13, R-18, R-19) and wiring from the termi- 
nal board between the 12SK7 and the 3rd i-f. 
transformer. Remove all connections from 
the 12SR7 socket except the .heater wires 
(pins #7 and #8). Remove all connections 
from 2d i-f socket (12SK7) except the heater 
wires (Pins #2 and #7). Remove the condenser 
(C-32) mounted over the 2d 12SK7 i-f socket, 
and C-20, the 3-section unit over the last i-f 
transformer. Finally, rotate the 12SK7 socket 
in the r-f stage (V-3) and in the first i-f stage 
(V-5) 180 degrees. 

The next process is to mount the extra parts 
that are required for modification of the cir- 
cuit for transmission purposes. First, mount 
a 9-pin miniature Vector socket (Vector 
8-N-9T) in the dynamotor mounting hole next 
to the last i-f transformer (LI0-L11). The 


-9-pin socket for the 12AU7 mixer stage is 


located in the dynamotor mounting hole far- 
thest away from the Vector socket. The con- 
version crystal holder is mounted above-deck 
in front of the 12AU7 tube socket. The double 
tuned circuit (1/4) in the plate circuit of the 
12AU7 mixer tube is comprised of two slug- 


tuned National XR-50 coils mounted side by 
side on the chassis wall above the mixer tube 
socket, as shown in the under-chassis photo, 
Figure 16. The octal socket for the 6AG7 
output stage is mounted in the dynamotor 
plug (J-2) hole between the 12AT7 and the 
12AU7, and a second octal socket is mounted 
on the rear chassis wall in place of the old 
power receptacle, J-3. The plate circuit of 
the 6AG7 (L-/5) is placed within a shield can 
and mounted atop the chassis, in the remain- 
ing free corner. A coaxial output fitting is 
placed in the rear chassis wall below the output 
tank circuit. 

_ The last assembly step is to mount the audio 
gain control (R-/), the carrier unbalance con- 
trol (R-3) and the stand-by switch (S-/) on 
a metal plate in the window in the front panel 
left by the removal of the front power plug. 
The carrier balance control (R-2) is finally 
mounted in the side of the chassis below the 
6J5 tube, the position formerly occupied by 

2. 


: Transmitter Wiring 


_ Considerable amount of wiring in the set 
may be used as-is, by comparing the remain- 
ing wiring with the schematic of Figure 14. 
All tube filaments should be wired in parallel, 
and r-f wiring between coils and tuning con- 
derisers should be done with solid wire. The 
coaxial line running between L-J6 and the 
12AU7 mixer tube socket should have the 
shield firmly grounded at each end. Condenser 
C1 is added to the oscillator coil L-/3 to move 
the oscillator to the low frequency side of the 
i-f passband. The actual frequency of the first 
oscillator is in the vicinity of 83.5 kc when 
he i-f transformers are tuned to 85 kc. 
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A small padding condenser (C2) is added 
to the cathode pin of the phase-inverter sec- 
tion of the 6SN7 to enhance the carrier null 
obtained by the proper setting of R2 and R3. 
The remainder of the circuit is quite straight- 
forward, a liberal use of .05 pfd bypass con- 
densers serving to keep the r-f out of unwanted 
areas. 


Transmitter Adjustment 


Before installation in the car, the transmit- 
ter should be bench-tested with an a-c oper- 
ated power supply. The transmitter requires 
300 volts at 60 milliamperes for proper oper- 
ation. The first step is to set the frequency 
of the 6SN7 beating oscillator. The second 
harmonic of this oscillator should be moni- 
tored with a good frequency meter, such as 
a BC-221. The oscillator padding condenser 
should be adjusted so that the oscillator covers 
a range of 83.5-85 kc. The 6SN7 balanced 
modulator should be placed in its socket, and 
R2 adjusted for minimum circuit resistance, 
and R3. for maximum circuit resistance. The 
beating oscillator should be tuned to 85° kc, 
and the three i-f transformers peaked up at 
this frequency; the coupling rod of L10-LI11 
is pulled up for minimum coupling. The 6SK7 
85 kc amplifier should be in its socket for 
this operation, and the standby switch should 
be closed. Alignment of the circuits may be 
checked by means of a vacuum-tube voltmeter 
placed from grid cap to ground of the 6K8 
stage. The variable oscillator of the 6K8 
should be checked for operation over the 
275-635 ke range by means of the frequency 
meter, and the 85 kc oscillator signal should 
be observed in the 190-550 kc variable fre- 
quency amplifier. In fact, if a second BC-453 
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Fig. 13. Block diagram, SSB transmitter from converted BC-453A receiver. 
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Fig. 14. Schematic, filter-type SSB transmitter made from modified Q-5’er receiver. 9 


is available, it may be tuned to the frequen-y 
of the 6SK7 variable i-f stage of the SSB 
exciter to-monitor the signal at this point. 
The 12AU7 second mixer converts the sig- 
nal to-a frequency in the 80 meter band. At 
this point; the. signal may be monitored in a 
receiver whose antenna lead is brought near 
the 80 meter tuned circuits of the transmitter. 
A steady carrier will:be heard in the 80 meter 
phone band.- Do not confuse this carrier with 
the signal emitted from the 3.5 mc. conversion 
oscillator. Tuned emrciuts. LY; LI6, L14 and 
L15 should .be peaked upon the 80 meter SSB 
frequency for maximum output of the 6AG7 
slage.2" Sst 
Now, when the 85 kc oscillator is slowly 
tuned to a frequency of 83.5 kc, the 80 meter 
signal will almost disappear, since the oscilla- 
tor is moving out of the passband of the low 
frequency filter composed of the three i-f trans- 
formers: Moving the oscillator back to 85 kc 


will make the 80-meter signal reappear. 


| 
| 
| 
| 
: 


The oscillator should be set at 85 kc, and 
potentiometer R3 set for zero circuit resistance. 
Potentiometer. R2 is then adjusted for min- 
imum 80 meter carrier at the SSB frequency. 
Condenser C2 is then moved from pin #2 to 
pin #3 of the 6SN7, and adjusted at each point 
for minimum carrier. It should be left at the 
point that provides the best carrier null when 
R2 is adjusted: The 6SN7 oscillator should 
now be tuned to 83.5 kc, and the 80 meter 
signai..should almost disappear. When voice 
modulation is. applied to the transmitter, the 
familiar, SSB signal should appear on the 80 
meter frequency. © 
- The level of the low frequency SSB signal 
that is injected into the 12AU7 80 meter con- 


Fig. 165 Under chassis view of SSB transmitter 
made from a BC-453 "Q-5’er.” The slug tuned 
~ coils (L14) of the 6AG7 grid circuit are mounted 
on. the chassis wall at upper right. L16, the 
12AU7 grid coil is not shown in this particular 
conversion, but is mounted in the side wall of 
the chassis, directly behind the midget r-f tuning 
* condenser on the front panel. As can be seen, 
the under-chassis area is not unduly crowded. 


Fig. 15. SSB transmitter made from a Q-Ser is 

well suited for mobile operation. It delivers a 

3-watt SSB signal at any frequency in the 80 

meter phone band. The 6AG7 is mounted in 
the dynamotor well area at the right. 


version oscillator is controlled by the value 
of the resistor in series with the standby switch. 
The value given provides a satisfactory level. 
If it is desired to raise the level, the resistor 
value should be lowered. 

The variable tuning gang provides correct 
tracking across the intermediate frequency 
range, but LJ4 and L/J5 must be returned for 
any frequency change in the 80-meter region. 

When the SSB exciter is operating properly 
on the bench, it may be placed in the auto- 
mobile and run from the power supply of the 
automobile system. A SSB carrier of about 3 
peak watts will be provided by this exciter. 


a 60-Watt | 
SSB Mobile Transmitter 


The popularity of SSB mobile equipment is 
growing rapidly. A simple phasing-type trans- 
mitter is often used for spot-frequency work 
in the 80 meter band, providing a maximum 
signal for a minimum amount of primary 
power drain from the automotive electrical 
system. Shown in Figures 17 to 21 is a com- 
pact SSB transmitter of this type, especially 


designed for mobile use. It incorporates a low- 


pass audio filter ahead of the audio phasing 
network to limit the audio frequencies: im- 
pressed upon the network to those below 3500 
cycles. In this way, the high order spurious 
products normally associated with phasing-type 
transmitters are held to a satisfactory minimum 
value. The transmitter is capable of peak 
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Fig. 17. This compact phasing-transmitter em- 
ploys audio frequency limiting, and runs a peak 
input of 60 watts from a 500 volt power supply. 
A 6146 is used in the output stage. 


VA 
A2ATT 


TWO STAGE 
AUDIO AMPLIFIER 


C1—20 uwufd silver mica. 
Pads oscillator to 83.5 
Ke 

C2—25 wufd mica (vari- 
able) 

L2, L3—Original mixer 
coil 

L4, L5—Original high 
frequency oscillator coil 


Ci—100 smyfd midget 
variable 

C2—50 bptd midget 

- variable 


C3—Four .01 ufd ceramic 
condensers, one on each 


cathode pin 

R1—Audio level—100 k 
potentiometer 

R2—500 ohm wire wound 

R3, R4 — 1K, 1%, one 
watt resistors 

R5, R6—330 ohms, 1%, 
one watt resistors 


AUDIO FILTER 
. 300-3000 v 


v2 
‘et2aur 


OSCILLATOR 


80 METER 
XTAL 


4 v2 

19 42 AU? 
AUDIO 

AMPLIFIER 


Parts List (Fig. 14) 


L6, L7—Original first 85 
Ke i-f transformer 
L8, L9—Original second 
85 Ke i-f transformer 
L10, L11—Original third 
85 Ke i-f transformer 
L12, L13—Original 85 Ke 

BFO coil 
L14—Two National XR- 
‘50 coil forms, each 


Parts List (Fig. 19) 


R7, R8—100 ohms, 1%, 
one watt resistors 

R9, R10—1K, wire wound 
potentiometers 

Li—Primary: 8 _ turns 
#22 dec, bifilar wound 
1%" diam. (see text) 
Secondary: 24 turns 
724e, 1%” diam., or Na- 
tional XR-50 coil form 

L2, L4—24 turns #24e, 
1%” diam, or National 
XR-50 form. 4 turns 
##24 dee for Link on L4 
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re is employed, and uses only 5 ibers 
The Circuit and Layout 


A top view of the transmitter is given in 
Figure 17, and a block diagram in Figure 18, 
A single 12AT7 (VJ) serves as a two stage 
audio amplifier. The audio level control (Rl) 
is located in the grid circuit of the second 
stage. The output of the 12AT7 is capacity 
coupled into a low-pass audio filter (LPF-1) 
which eliminates all voice frequencies above 
3500 cycles. The restricted voice frequencies 
are further amplified by a single stage amplifier 
(V2) transformer coupled to the audio phase 
shift network (FJ). The secondary of the 
audio coupling transformer is balanced to 
ground by means of a 500 ohm potentiometer 
connected across the winding. The audio signal 
is split at this point into two components, 
having a 90 degree phase difference between 
them. A cathode follower tube (V3) applies 
these two audio signals across a r-f phase shift 
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Fig. 18. Block diagram, 


phasing transmitter: 


AUDIO PHASE 
SHIFT NETWORK 


wound full with #22e Miller #6197 
wire. Forms’ spaced S1 — Standby 
closely together SPST 
L15—One National XR- R1—Audio gain control ~ 
50 form, same as L14. R2—Carrier balance con-— 
Link winding 8 turns trol a 
hookup wire. Mounted 
in shield can. control. Use minimum — 
L16—0.5-2.8 mh TV-type resistance for carrier” 
linearity coil. J. W. null 


switch, 


L3—85 turns, B&W Mini- 
ductor #3016, antenna 
tap. 5 turns from 


““cold’’ end 
X1-X4 — 1N48 crystal - 
diodes 


X5—80 meter crystal 

RFC—2'%mh National R- 
100 

F-1—Barker Williamson 
7##350 phase-shift net- 
work 

LPF-1—Chicago-Standard 
#LPF-1 audio filter 


T1—Stancor A-3842. 10K | 
to 500 ohms 3 
All condenser valves uf 
unless otherwise noted. — 
All resistors 4% watt un-— 
less otherwise’ noted. 
PC—50 ohms, 1 watt 
composition resistor, 
with 3 turns #18e wire 
S1—DPDT toggle switch 
P1—8 prong plug 
Ry1—-SPDT 6 volt (or 12 
volt) relay 
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Fig. 20. Under-chassis view of SSB transmitter. 


The diodes of the balanced modulator are 
grouped around balance potentiometers Ro and 
Rio at the center of the unit. Antenna change- 
over relay is at the right. 


network and a diode balanced modulator. Also 
applied across the same network is a 80 meter 
r-f signal. By the proper phasing of the audio 
and r-f signals, a SSB signal is produced at the 
output terminals of the balanced modulator. 

A 6AG7 80-meter linear r-f amplifier (V4) 
boosts the SSB signal to the proper level to 
furnish excitation for a 6146 linear output 
stage. The 6146 acts as a Class AB1 amplifier 
requiring no grid driving power, and a maxi- 
mum peak SSB exciting signal of about 40 
volts. 

Layout of parts may be seen in Figures 17 
and 20. At the right of the chassis are the 
audio filter unit and the 12AT7 speech ampli- 
fier tube. To the left of these components are 
the audio phasing network and the 12AU7 
audio amplifier and crystal oscillator tube. To 
the left of the plug-in network is the 12AU7 
cathode follower (V3). At the left end of the 
chassis is the 6146 amplifier stage and its plate 
circuit components. Between this stage and the 
12AU7 is located the 6AG7 amplifier (V4) 
and its shielded plate coil. 

Along the front edge of the chassis are lo- 
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Fig. 21. Power Connections, SSB transmitter. 
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cated the microphone jack, the 80-meter crys- 
tal and the adjustment slug of the crystal oscil- 
lator plate coil. Immediately to the left of 
these components are located the two balance 
potentiometers, R9 and RIO. At the left end 
of the front lip of the chassis are the cathode 
jack for the 6146 stage, and the grid tuning 
condenser (C1) of the 6AG7 stage. 

Located on the rear lip of the chassis are 
the audio level control (RJ), the sideband 
selector switch (SJ), the power receptacle, and 
the two antenna receptacles. © 


Transmitter Construction 


The SSB transmitter is built upon an “am- 
plifier foundation” chassis measuring 914” x 
5” x 842” (Bud-CA-699). This unit consists 
of a regular chassis on which is attached a 
perforated metal cover. Handle grips are at- 
tached to the ends of the chassis. The layout of 
the major components of the transmitter may 
be seen in the top and bottom photographs. 

In order to obtain maximum sideband and 
Carrier suppression, it is necessary that certain 
resistors should be held to a 1-percent toler- 
ance. Precision resistors should be used at 
these points in the circuit. When the resistors 
are wired in place, care must be taken that the 
body of the resistor does not become over- 
heated by the application of the soldering iron. 
It is best to grasp the resistor lead, close to the 
body of the resistor, with a long-nose pliers. 
The soldering iron may then safely be applied 
to the lead, since the body of the pliers will 
act as a heat “sink”, preventing the resistor 
from being overheated. 

Small, ceramic “oystershell” condensers are 
used throughout the unit, with the exception of 
the 0.5 ufd audio coupling condensers (paper) 
and the 390 uufd condensers (mica) in the r-f 
network. All grounds are made directly to the 
lugs of the tube sockets. It is mecessary to 
make sure that each socket is grounded to the 
chassis, since a painted steel chassis is used. 

To prevent oscillation of the 6AG7 stage, 
the plate coil is mounted above deck in a shield 
can made from a small i-f transformer. The 
coil slug projects through the top of the can, 
permitting easy resonance adjustment. The 
plate network of the 6146 stage is mounted 
above deck on a small aluminum bracket. A 
14” hole is cut in the perforated cover of the 
transmitter, permitting screwdriver adjustment 
of the plate tuning condenser, C2. : 


Preliminary Tuning and Adjustment ~ 


When the wiring has been completed and 
checked, the transmitter should be bench- 
checked before installation in the car. A 
power supply capable of delivering 250 volts 
at 100 ma, and 500 volts at 100 ma is needed, 
in addition to a 45 volt bias battery. Alignment 


‘of the transmitter is simple. The audio level 
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ontrol is set to the ground end, and V2 is 
nserted in its socket. An 80-meter crystal. of 
he desired operating frequency is placed -in 
he holder, and the slug of L4 is tuned for os- 
illation of the crystal stage. The 6AG7 and 
1146 tubes are inserted in their sockets, and a 
lummy load is placed on the antenna terminals 
if the transmitter. Coils L/ and L2 are tuned 
Or maximum output, as is C2. The next step 
; to adjust RY and R/O for minimum carrier 
utput from the 6146 stage. The two poten- 
iometer controls, the slug of L/ and the tun- 
ag of CJ should be all varied by small 
mounts, until a good carrier null is obtained 
then LI and Cl are still in resonance. The 
/C ratio of this tuned circuit is varied in this 
qaanner to enhance the null balance. 


An oscilloscope should be coupled to the 
utput of the 6146 stage, using a direct con- 
ection between the deflection plates of the 
‘cope and the dummy antenna load. A 1250 
ycle audio signal of about %4 volt r.m.s. is 
2d into the second stage audio amplifier (arm 
f RI). The ’scope is locked on the signal, and 
ie audio balance potentiometer (R2) is ad- 


he neat installation of W6NWJ/M 
2presents an investment of about 
500. An Elmac AF-67 “Transciter’’ is 
sed as an all-band 50 watt trans- 
jitter, A  Gonset “Super-Six” con- 
erter and “Super-Ciever” I-f strip 
orm the receiver. A Carter “Genemo- 
or’ is used for the high voltage sup- 
ly, and an Elmac PSR-6 for the low 
oltage supply. The microphone is a 
urner SR-90. The antenna system is a 
laster “All-bander” whip with a 
lorrow MLV-50 motor driven base 
iductor. Transmitter is actuated by 
ither microphone switch or push- 
witch on floor (lower left). 


justed for minimum audio ripple on the car- 
rier. If a ’scope is not at hand, a rough ad- 
Justment of R2 may be made by adjusting it 
for minimum modulation heard on the carrier 
when the audio tone is injected into the audio 
system of the transmitter. 

As a final step, R9, RIO, LI and C1 should 
be “touched up” for minimum carrier ripple 
as seen on the ’scope. Plate current of the 
6146 stage should rest at about 35 ma, rising 
to 120 ma under full output. 

A simple control circuit for the SSB trans- 
mitter is shown in Figure 21. A modified PE- 
101C may be used for the power unit, or one 
of the new dual voltage vibrator supplies. It 
is necessary to supply a negative bias of 45 
volts for the 6146 stage. This may be obtained 
from a small “B” battery. Screen voltage is 
taken from the 250 volt tap of the supply, and 
is regulated by means of two VR-90 tubes in 
series. The dropping resistor should be adjusted 
until about 15 ma of current flows through 
these regulator tubes. 

A 10 pfd condenser is connected across the 
output of the power supply to improve its 
dynamic characteristic. 


Mobile _Handbook 191 


her 
Nn 


Mobile 
Antennas 


The success or failure of mobile operation de- 
pends upon the efficiency of the antenna instal- 
lation. A 10-watt mobile transmitter working 
into an efficient and well designed mobile an- 
tenna will out-perform a 100-watt mobile trans- 
mitter using a poorly designed antenna of low 
efficiency. The mobile amateur must compete 
with high powered fixed stations, many of them 
using beam antennas. The mobile Ham is thus 
at a distinct disadvantage. He is running low 
power, and he is using an antenna that often 
does not make the best use of his limited power. 

It is the purpose of this chapter to discuss 
mobile antennas in general, and to illustrate 
some specific examples of high efficiency mobile 
antennas that will allow the mobile Ham to 
compete with fixed stations in the most efficient 
manner. 

In the great majority of mobile installations, 
some kind of vertical whip is used as both the 
transmitting and receiving antenna. The verti- 
cal antenna has been in use for both long and 
short wave transmitting since 1924. It is used 
at v.h.f. for navigational aids.and general com- 
munication. It is used at low frequencies for 
radio ranges and general broadcasting. During 
the past ten or fifteen years, the radio amateur 
has pioneered the use of the loaded vertical an- 
tenna for mobile transmission and reception. 
This is one stage of the art that is exclusively 
an amateur development and like other such 
amateur developments, has now spread to the 
commercial fields. 


the 
Vertical Antenna 


To understand the operation of a mobile an- 
tenna, it is perhaps wise to start the investiga- 
tion with a very simple case: An eight-foot ver- 
tical copper rod with its lower end mounted an 
inch or so above an infinite area copper ground 
Sheet (Fig. /). If this antenna is connected 
to the ground sheet through a single-turn loop 
of wire, and a grid dip oscillator is coupled to 
the loop, the resonant frequency of the antenna 
may be measured. The first quarter wave reso- 
nance will occur at about 29.5 Mc. The current 
distribution in this antenna is shown by the 
dotted line, and an equal current is flowing in 
the ground sheet as indicated, dropping to a 
very low value as the distance from the vertical 
antenna gradually enlarges. 


194 . Mobile Handbook 


the antenna to surrounding objects, 


By the use of other instruments, we are able 
to measure two other properties of this simple 
antenna: the radiation resistance and the ? 
actance. 

The term radiation resistance is very impor- 
tant. Briefly, it means that value of resistance 
which, when substituted at a current loop in 
the antenna system for the antenna, would dis- 
sipate the same amount of energy in the form 
of heat as the antenna radiates into space. The 
value of radiation resistance varies from one an- 
tenna to another, and varies with the relation of 
such as 


trees, buildings, etc. 

In order to efficiently transfer the power from 
the transmitter to the antenna it is necessary 
to match the transmitter feed system to the radi- 
ation resistance of the antenna. For normal 
values of radiation resistance, this may be done 
simply and efficiently. For very low values of 
radiation resistance, such as might be encoun- 
tered in some mobile antennas, it is a difficult 
task and most of the transmitter power output 
is lost in the matching system. This is the danger 
that we must be aware of in mobile work, and 
which requires us to put much time and effort 
into the design of the mobile antenna and feed 
system. 

Keeping these dene of radiation resistance in 
mind, we can make a Series of measurements on 
and about the resonant frequency of this simple 
vertical antenna. At any one given frequency 
this antenna will present a certain value of. 
radiation resistance, r, and a certain negative or 
positive amount of reactance, x. The term re- 
actance indicates an opposition to the normal 
flow of current, and must be cancelled out or 
otherwise neutralized in order to allow an ef- 


INFINITELY LARGE 
CONDUCTING 
GROUND PLANE 


Fig. 1. antenna mounted. 


A_ simple vertical 
above an infinitely large ground plane. The an- — 
tenna current (‘an:) increases sinuosoidally to- 
wards the base of the antenna. The ground cur- 
rents (%jrouna) are equal in summation to the 
antenna current. 
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MEASURING FREQUENCY (Mc) 


ficient transfer of energy from the transmitter 
to the antenna. 

If the various values of r and x that have been 
measured on the eight-foot vertical antenna are 


plotted, a curve similar to Fig. 2 will result. 


At the resonant frequency of 29.5 Mc. the 
matching conditions are almost ideal. The an- 
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Fig. 2. Typical measurements 
made on an eight-foot ver- 
tical whip antenna suspend- 
end over an infinite ground 
plane. The antenna is reso- 
nant at 29.5 Mc. . 
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Figure 3 tells us what we wish to know about 
this particular antenna. It tells us the radiation 
resistance of the antenna at each frequency we 
are interested in, and therefore tells us the load 
that the transmitter must be capable of match- 
ing. The chart also tells us the values of nega- 
tive reactance at each frequency, and by the 
definition of resonance mentioned above, we 


tenna presents to the loading system a radiation 
resistance of 32 ohms, with no reactance. (The 
definition of resonance infers that the total re- 


know that we must cancel out or neutralize 
these exact values of reactance at each specified 


-actance of the antenna circuit referred to the 
‘feed point is zero.) A load of 32 ohms may 


easily be matched to the average: transmitter 
‘using a coaxial cable, with a pi-network, or a 
pick-up link. The Q of the antenna is relatively 
‘low, and the antenna will accept power over 


| 


| 
} 
i 


i 
j 
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quite a wide frequency range without having to 


“resort to complicated tuning networks. The ef- 
ficiency of the antenna is very high, as the loss 
resistances are of the order of fractions of an 
ohm. 


This same eight-foot rod, operating at a fre- 
quency of 21 Mc. has quite different character- 


istics than when it operated at 29.5 Mc. Refer- 
ring to the curves of Fig. 2 it can be seen that 


the radiation resistance has dropped to a value 
of 11 ohms, and that a negative reactance of 


_-250 ohms has appeared. At 14 Mc., the radia- 
tion resistance of the rod has dropped to 3.5 
ohms, and the reactance has risen to —600 


ohms. At 7 Mc., the radiation resistance has de- 


creased to 1 ohm, and the reactance has in- 


creased to —1200 ohms. At 4 Mc., the radiation 


resistance of the rod has dropped to the low 


value of 0.2 ohms, and the reactance has 


climbed sharply to -1600 ohms. These charac- 


teristic figures for the eight-foot rod are summa- 


‘rized in Figure 3. 


frequency. In other words, we must resonate the 
antenna to the desired frequency by adding 
positive reactance to the antenna circuit. 


Resonating the Short Vertical Antenna 


A short vertical antenna may be “tuned” to a 
frequency considerably lower than its natural 
frequency by the addition of a suitable induc- 
tance of the correct positive reactance that will 
resonate the antenna to the desired frequency. 
Such an inductance is termed a loading coil. 
The loading coil may be placed at any point in 
the antenna circuit (Fig. 4). Resonance may be 
obtained with the coil at any of the locations 
shown, but the efficiency of the over-all antenna 
system and the ease of matching of the system _ 
may vary greatly with the placement of the 
loading coil. The examples in Fig. 4 assume 
an operating frequency of 4.0 Mc. 

In “A,” the loading coil is mounted at the 
base of the whip, in a shielded box to prevent 
radiation from the coil, or any form of inter- 
action between the coil and the whip. Assume 
the box is of such dimensions that it does not 
detract from the Q of the coil. At resonance, 
this antenna system would exhibit no reactance, 
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Fig. 3. Summary of the characteristics of the 
antenna graphically illustrated in Fig. 1. 


and a radiation resistance very close to 0.2 
ohms. 

In “B,” the vertical antenna is again base 
loaded by a coil, L. The coil is mounted with 
its axis coincident with the axis of the whip. 
The coil is unshielded and free to radiate. The 
amount of radiation from this coil is dependent 
upon the shape and size of the coil. The act of 
radiation from the coil raises the radiation re- 
sistance of the antenna system from the very 
low value of 0.2 ohm to some higher value in 
the vicinity of 2 ohms. This new value depends 
largely upon the configuration of the coil. 

In “C,” the loading coil is mounted half way 
up the vertical rod. The coil and the section of 
the rod beneath the coil have considerable cur- 
rent flowing in them during actual operation, 
and the antenna radiation resistance is raised 
to the vicinity of 4 ohms. 

In “D,” the loading coil is placed at the top 
of the antenna, with a capacity “hat” above it 
to provide capacity to ground. The radiation 
resistance in this case has risen to about 6 ohms. 

From these examples it can be seen that the 
placement of the loading coil has a direct effect 
upon the radiation resistance of the short an- 
tenna. Since, in general, the higher the radia- 
tion resistance of the antenna system, the 
greater the over-all efficiency of the system, it 
would follow that some form of top or center 


INFINITE COPPER GROUND SHEET 


loading would be best for mobile operation an 
that base loading in any form is to be avoided, © 
if possible. a 


Placement of the Loading Coil 
Figure 5 shows the four examples of Fig. 4, 
with the addition of the curves illustrating the — 
current distribution of each antenna. 3 
The radiated field surrounding an antenna, 
other things being equal, is proportional to the 
current flowing in the antenna, and to the 
length of the antenna carrying this current. 
The short vertical rod radiating the best signal, — 


_ therefore, will be the one that has the most 


current flowing in it per unit of length. In “4,” 
of Fig. 5, the whip impedance is very high, - 
and the current flowing in it is very low. The - 
buildup of current occurs in the loading coil. 
Since this coil is shielded, this coil current can-— 
not aid in any way to the radiation of the 
antenna. In “B,” the same coil is unshielded, and 
the current flowing through it is partially radi- 
ated. This act of radiation raises the radiation 
resistance of the whole antenna system a certain 4 
amount. In “C,” a high current flows in the ~ 
section of the antenna beneath the loading coil, — 
so the bottom section of the antenna contributes 
materially to the total radiation from the an- 
tenna system. In the ideal case, “D,” the load- - 
ing is all at the top of the antenna. The maxi- 
mum current is flowing in the total length of © 


the antenna, and the strongest external field © 


results from this action. 
The Fractional Wavelength Vertical 2 
Antenna ; “ 


Mathematical studies on a very short vertical ; 


antenna suspended above a ground surface 
show the antenna to take the form illustrated 


C D 


iS 


Fig. 4. A short vertical antenna may be resonated at a lower frequency through the insertion of 5 


an inductance or “loading coil.” In “A” the loading coil is mounted in a shielded and grounded box. 

In “B” it is unshielded and mounted at the base of the antenna. In “C” it is unshielded, but mounted 

in the center of the vertical antenna. In “D” the coil is at the top of the vertical antenna with a 
“top hat’ capacity arrangement. 
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in Figure 6. Such an antenna exhibits strong 
capacitive reactance to the measuring device 
(an r-f bridge), inserted between the base of 
the antenna and ground. The equivalent circuit 
of Figure 6b shows the resistances which dissi- 
pate the power applied to the antenna. The 
most desirable resistance, of course, is the 
radiation resistance of the antenna, designated 
R,. For straight whip antennas this value is a 
funetion of the height of the antenna and may 
312 

when A is the height of the antenna in electrical 
‘degrees. . 

| This expression may be plotted in a graph 
form, as shown in Figure 7. 

_ The various other resistances ‘shown in Fig- 
ure 6b are less desirable, and form the lossy 
elements of the antenna. The first of these is 
ground resistance, R,. On automobiles, the 
ground circuit is indistinct, looking like a low 
grade capacitor in series between the auto- 


nc and the surface of the road. This capaci- 
t 


be expressed as: Rr = 


tance and its resistance may be measured just 
like any other, by a suitable impedance bridge. 
A suggested means of reducing ground loss is 
the use of a copper screen fastened to the 
undercarriage in the style of bottom covers 
used on racing cars. 

The next antenna loss to consider is the re- 
sistance of the loading coil, Rz. This loss is a 
direct function of the Q of the loading coil, or 
the relation between the inductive reactance 
(Xz) of the coil and the r-f resistance (at the 


frequency of operation): Ru = 2S 
| Even with Q’s as high as 400, more power is 
usually devoted to heating the loading coil than 
making signal. Obviously the coil should be 
the most efficient possible. Coil Q is measured 
with a O meter. 

_ Next on the list of losses is the ohmic re- 
sistance of the conductor making up the an- 
tenna, Ro. This consists of d-c resistance multi- 
plied by a skin-effect factor. With thin or 
poorly-conductive antennas this figure can be 
quite large, compared to radiation resistance. 
Capacitance at the base of the antenna soaks 
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Fig. 5. Current distribution of the four types of “loaded” vertical antennas shown in Fig. 4. 
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up power. Although this loss is through a shunt 
circuit, it is evaluated easiest when transformed - 
to a series equivalent R.-shunt as shown. The 
greatest loss source here is the base or lead-in 
insulator, and how much loss depends upon 
whether the insulator is above or below the 
loading coil in the circuit. 

Here is how this works: Reactance of the 
base capacitance is looked on as resistance of 
the same ohmic value, through which current 
flows to ground. Current leaving the circuit by 
this route never reaches the radiation resistance, 
which is where we want it dissipated. 

As in a real resistance, current flow through 
this shunt depends upon voltage impressed. 
Now, with the usual Tig, voltage at the bottom 
of the loading coil is in the order of tens of 
volts. However, at the top of the coil voltage is 
in the order of hundreds or even thousands of 
volts. The result is that a moderately-capacitive 
insulator above the loading coil introduces an 
equivalent series resistance of ohms. So use a 
low-capacity base insulator, and keep loss low 
by placing the loading coil above it in the 
circuit. 

Similarly, base-insulator dielectric leakage 
introduces a series equivalent resistance, Ra: 

R2 oe X2 

Ra (shunt) 

If the base insulator is located below the coil, 
a point of low reactance (and low voltage), 
loss will be negligible. But if the base insulator 
is above the loading coil, a leakage resistance 
of hundreds of thousands of ohms, or even 
megohms, introduces a loss equivalent to that 
which would be suffered in a series resistance 
of a husky fraction of an ohm, and in severe 
conditions, many ohms. Hygroscopic insulators 
are worst in this respect, but any insulator 
causes trouble if it is wet or dirty. 

Sometimes another loss resistance is en- 
countered—that due to absorption of mutually- 
coupled circuits, Rm. This is most prevalent 
in maritime-mobile operation, although it is 
suffered on planes, and in some cases in auto 
operation. Rigging, structural members, or 
other antennas are contributory. If other con- 
ducing objects cannot be kept out of the im- 


Series Equiv. Ra = 
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(A) 


(B) 


Electrical equivalent of short vertical 
antenna. 


Fig. 6. 


mediate field of the antenna, it is imperative 
that they have a different resonant frequency, 
and that they are either “floating” or efficiently 
grounded. A coupled circuit having a low in- 
ternal resistance returns some of the energy it 
soaks up back to the field, where the worst re- 
sult is a pattern aistortion. But an absorptive 
circuit with loss resistance of its own just soaks 
up power. 

Until now, we’ve talked only of symbolic 
configuration of the short antenna. Let’s go 
from symbols to actual hardware. What shape 
should the antenna have? 

In the first place, no one design is best for 
all conditions. All we hope to do is arrive at 
something reasonably good for our own par- 
ticular case. Physical and mechanical consid- 
erations are sometimes as important as elec- 
trical design, and the most efficient structure 
might not be satisfactory if it is offensive to 
the eye or if it is unsound aerodynamically. 

But let’s assume that through careful con- 
struction, we keep controllable losses to a 
minimum. Is there anything better than the 
plain whip we have thus far considered? 

Figure 8a shows current and voltage dis- 
tribution in an antenna with the coil at the 
bottom. If the main portion of the antenna 
carried more current, radiation figure and pat- 
tern would be improved. The most common 
means of raising the high-current section of 
the antenna is to move loading inductance up- 
ward, giving current and voltage distribution 
as in Fig. 8b. 

However, this can’t be done blindly, or any 
gain is gobbled up by. increased losses. 

Actually, radiation resistance and capacitance 
are not lumped, but are spread along the 
entire antenna, as shown by Fig. 9. With the 
loading coil in position (1), it is resonated by 
the entire capacitance of the antenna. 

But note that if the coil is placed at points 
(2), (3), (4), or (5), corresponding to in- 
creasingly-higher positions aloft, it faces less 
and less capacitance. Therefore, to resonate 
the antenna, the coil must be increasingly 
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coil naturally increases as it contains more 
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larger as it is raised. With the stand of con: 
struction remaining constant, resistance of 


and more wire. Hence, a point is reached where 
gain in radiation resistance or pattern is offsel 
by mounting coil loss. : 
For example, a whip that resonates with a 
20-turn coil at the bottom may need 70 turns: 
farther up. And, at the very top, the coil stops 
acting like an inductance and turns into a 
low-grade blob of capacitance, so inductance 
must be added below to resonate the system. 
Any “gain” in such a case is highly problem- 
atical. @ 
When using coils aloft, remember that snug: 
metal shields, dirt, or moisture also increase 
coil resistance. The antenna-loading coil should 
have the maximum Q attainable, no matty 
where it is placed in the circuit. : 
Now let’s examine antenna loading from an- 
other angle. If the antenna capacitance (othels 
than at the base) is increased, the amount of 
loading coil required for resonance is reduced, 
and coil loss with it. Figure 9 also shows that 
the best place for the bulk of capacitance is” 
at the end, since to reach this capacitance cur- 
rent must flow through the entire antenna, 


utilizing the entire radiation resistance. Un- 
fortunately, the end is the poorest location 
mechanically. Fixed stations get by with 
“wagon wheels” atop the antenna, but not the 
family bus. : 
Antenna capacity can be raised by increas- 
ing diameter. A thin whip may have a capaci; 
tance of 20 pufd. Increasing diameter to 1” 
raises capacitance to 40 pyfd. Thin-wall re 
of 3” diameter has almost twice this value 
These “thick” structures need not be solid— 
lattice construction has an equivalent effect. 
Increased capacity is realized by “fanning” 
two or more whips at an included angle of not 
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Fig. 7. Graphical representation of radiation re- 
sistance of short vertical antenna above perfect 
ground. 


more than 60°. This arrangement is light and 
has more top loading than cylindrical shapes, 
and it can be accommodated on rear deck or 
bumpers. But, however we get it, capacitive 
top loading can reduce the amount of inductive 
loading required by more than one half with a 
consequent lower coil loss. 

The relative distribution of transmitter 
power, and hence, efficiency of different an- 
tenna configurations, can be checked without 
complicated instruments. Using a dummy an- 
tenna, find transmitter-power output under 
standard load conditions. Then measure base 
antenna current with the same transmitter in- 
put. Total antenna resistance is found from the 


formula: 
Rp 
Rte = 7 
Comparing measured resistance of different 
elements of the system with this total gives an 
idea of the loss in each part, and dividing 
radiation by total resistance will show relative 
antenna efficiency. Resistances of different 
coils, ground systems, and radiators can be 
checked by this means. 


The Eight Foot Whip and the Automobile 


Some very important changes take place 
when this eight-foot vertical rod, or whip, is re- 
moved from the infinite copper ground plane 
and mounted on an automobile. The whip is 
not now operating with a low-loss ground sys- 
tem. It is operating against the car body, which 
is finite in size, and insulated from ground by 
the rubber tires of the automobile... The body of 
the car is not at ground potential, and therefore 
radiates some energy. This is important, as it 
alters the pattern of the whip antenna (Fig. 
10) and also helps to raise the radiation re- 
sistance of the antenna system on the lower 
frequencies. Different measurements taken on a 
9-foot whip at various frequencies are shown 
in Fig. 11. Curve A is the radiation resistance 
of the whip alone, over an infinite ground plane. 
Curve B is the radiation resistance of a typical 
bottom loaded whip mounted on the rear of an 
automobile. Curve C is the radiation resistance 
of a typical center loaded whip mounted on the 
rear of an automobile. Curve D is the actual 
measured radiation resistance and loss resistance 
curve for a center loaded whip, mounted on the 
rear bumper of a 1950 Ford coupe. The loss 
resistance consists of the r-f resistance of the 
car and the antenna, and the losses in the load- 
ing coil. Of these losses, the loading coil losses 
are by far the most important. At 4 Mc., the 
loss resistance of this particular 9-foot whip and 
loading coil was 6 ohms, and the radiation re- 
sistance was 8 ohms. The load presented to the 
transmitter was 14 ohms. The efficiency of the 
antenna is 8/14 x 100, or 57%. This is ex- 


tremely good efficiency at this frequency, since . 


many 4-Mc. loaded whips have efficiencies in 
the neighborhood of 5% to 20%. 
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Figure 8. 


As the operating frequency of the loaded 
whip is raised, the size of the loading coil di- 
minishes, and it is easier to construct an efficient 
loading coil of good Q without it being too 
large in size for a mobile installation. At 7 Mc., 
for example, with the proper loading coil, this 
same antenna has a coupling efficiency of about 
70%. At 14 Mc., the efficiency rises to 85%, 
and at 28 Mc., the antenna will radiate prac- 
tically all the power fed to it. 

The importance of center loading mobile 
whips at low frequencies may readily be seen by 
comparing Curves B and C. The importance of 
having a good, efficient loading coil may be 
seen by comparing Curves C and D. A low ef- 
ficiency loading coil would tend to push Curve 
D higher on the graph. The power wasted in 
the loading coil is represented by the vertical 
distance between Curves C and D. Using a 
loading coil that is 100% efficient would result 
in Curve D falling exactly on top of Curve C. 


The Loading Coil 


The all important loading coil is the heart 
of the loaded low frequency whip antenna. Its 
purpose is to cancel out the negative reactance 
offered by the short antenna to the tuning de- 
vice. The shorter the whip antenna, compared 
to a quarter-wavelength, the greater the nega- 
tive reactance offered to the tuning device. A. 
loading coil adds an equal and opposite amount 
of positive reactance to the antenna circuit. 
This will neutralize out the negative reactance 
of the short whip, leaving only the radiation re- 
sistance of the whip and the inherent losses of 
the loading coil as the terminating load for the 
tuning device. 

Unfortunately, most loading coils are far 
from perfect—they exhibit resistance as well as 
reactance. The ratio of the reactance to the r-f 
resistance is given by the symbol Q. A coil hav- 
ing a reactance of 1200 ohms (for example an 
80-meter loading coil), and a resistance of 10 
ohms is said to have a QO of 120. If this coil is 
used with an antenna having a radiation re- 
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sistance of, say, 8 ohms, the coupling efficiency 
is then 8/(8 + 10) x 100 or 45%. Over half of 
the output power of the transmitter is lost in 
the loading coil. If the radiation resistance of 
the antenna is only 4 ohms (as it may well be 
with base loading), the coupling efficiency is 
then 4/(10 + 4) x 100 or 28%. This means 
that 72% of the transmitter output power is be- 
ing lost in the loading coil. This power can only 
be dissipated in the form of heat. Small wonder 
that many loading coils burn up when 50 or 
100 watts of r-f are applied to them!- 

To improve the efficiency of the loaded whip 
means increasing the radiation resistance of 
the antenna by using center or top loading, or 
raising the Q of the loading coil. 

This brings us to the meat in the nut in 
mobile antenna design which is the loading coil. 
All of the before-mentioned factors can be 
perfected to a high degree, but if very great 
care and attention is not paid to the loading 
coil, nothing will have been accomplished. It 
has been truthfully said that right here the 
success or mediocrity of the mobile antenna is 
determined. In coil design and construction 
there is considerably more than meets the eye. 
It is, in fact, quite impossible to visually inspect 
a coil and guess correctly what its efficiency is. 
One little design defect at this point can turn 
the 50-watt transmitter into a poor 25-watt one. 
A single, seemingly unimportant correction can 
readily double its effective power. 


Q 


Fundamentally, we must have a loading coil 
of the highest possible Q with the smallest pos- 
sible physical dimensions. This is a big order, 
but we obviously cannot stand a large coil be- 
cause of weight and wind resistance again build- 
ing up the sway and lean. We must have very 
high Q in order to insure lowest possible loss 
resistance. Careful design consideration and 
intelligent selection of the best compromise is 
in order. Other considerations also are present. 
A mobile antenna, for example, that is a “fair 
weather” device only, is not too desirable. The 
only answer to this problem is sealing the entire 
loading coil in some manner so that in the rain 
there is no change in dielectric or conductor 
diameter, which in turn would cause detuning. 
This means, of course, complete sealing of the 
hermetic variety and not simply surrounding 
the coil with shields that breathe, leak, sweat, 


a) Red (ay) Rr2 (3) Res (4) Re4 (5) 


Fig. 9. Distributed resistance and capacity of 
short antenna. 
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or just look good. What self-respecting amateur 
would subject his final amplifier tank circuit to 
rain, dust, and varying humidity in saturated 
salt spray and expect it to remain efficiently in 
tune while swinging across the countryside over — 
varying earth conditions? In a measure this 
antenna loading coil is also a delicately balanced © 
tank circuit, must be well protected, and should © 
be treated with respect. You can pick up 3 db. — 
or more by doing so. | 


' Form. Factor 


Time and effort spent in designing a really - 
efficient loading coil will pay off handsomely. — 
Form factor must be taken into consideration — 
along with proper mechanical support and 
many other things. An “air-wound” coil is al-— 
ways preferable to one supported by a solid 
dielectric. The largest possible wire diameter 
should be employed consistent with practica-— 
bility of the finished product, the power level — 
involved, and the frequency of operation. It is, © 
for example, useless to end up with a coil hav- 
ing definitely superior electrical qualities if this 
coil is so huge as to cause excessive wind re-— 
sistance and have such weight that the antenna — 
supports will not carry it. 

Good compromise calls for the lower fre-— 
quency band coils to be wound with number 18 
wire, the medium frequency band coils to be 
wound with number 14 wire, and the higher 
frequency band coils to be made of number 12 
wire. In each case good form factor demands — 
that the coils be about twice as long as their 
diameter. These “air-wound” coils can then be > 

upported within sealed insulating tubes hav-— 
ing sufficiently high strength to withstand the 
rigorous treatment to which they will be sub-— 
jected. They should not be sealed within metal 
housings nor should they be encapsulated within © 
a solid dielectric material. a 

A newly developed series of coils of this 
type is sealed within chemically-welded acrylic — 
housings from which the air has been removed — 
by vacuum pump and then replaced with pure 
helium. This makes them impervious to mois- 
ture change, dirt, salt spray, and the like, and 
assures constantly high operating efficiency. — 
Coils of this type have a measured Q of better 
than 400. e 


Optimum Dimensions 


For those fortunate enough to have access 
to good test equipment, including a high qual-— 
ity Q-meter, the following tabulation of induc-— 
tance and dimensions is sufficient to enable 
them to build their own coils for each band: 


Diameter - 


Band Microhenries Number Turns Wire Size 

75 107 55 #18 6" 
40 32 30 #14 24" = 
20 75 11 #12 214" = 
15 1.85 4 #12 2144" aa 


These coils should be of the air-wound type, 
rib supported, with the turns spaced about the 


diameter of the wire. In all cases they are based 
on using a 36” lower support rod and a 60” top 
whiprod. Some final adjustment will be re- 
quired after installation due to differences in 
winding technique, distributed capacity, and 
other factors. When a mobile antenna is in- 
Stalled the coils should be left alone if they have 
been properly designed in the first place. It is 
never advisable to upset their form factor or 
in any way chance destroying the Q of the 
coil. Adjustment of the antenna to frequency 
can be made quickly and easily by top rod 
adjustment. If coils are made in accordance 
with the charted data, very little frequency ad- 
justment will be required. 


Multi-band Operation 


At this point it will be apparent to the reader 
that we have been discussing individual loading 
coils only. One for each band employed. This 
section is concerned only with designing the 
best possible mobile antenna from which the 
greatest possible radiation can be obtained. All 
multiband loading devices must sacrifice effi- 
ciency in favor of convenience. There has never 
been built a multiband loading device that can 

begin to approach the efficiency of the antenna 
system herein described. The shorting of a 
single turn in the loading coil can chop the Q 
in half. Anything inserted in, or near, the coil 
field will put you right back where you started, 
or worse. Sliders, rods, switches, variable con- 
densers, slugs, taps, clips, or even a piece of 
wire, if inserted within the field, will start the 
process of Q destruction, loss resistance in- 
crease, and field strength reduction. By using 
individual coils we are shooting at maximum 
possible efficiency. Convenience must therefore 
_ be sacrificed. Take your choice. You can either 
have a very good “one coil per band” antenna 
or a relatively poorer “all band” model. You 
- cannot have both. 

The average mobile installation is not of the 
calibre where quick band-change, including the 
antenna, can be accomplished while the vehicle 
is still in motion with any degree of safety or 
convenience anyway. This type of mobile oper- 
ation is coming, but it just is not here yet. The 
average mobile installation is a single band 
affair, or, at least, is primarily used as such. For 
the time being the only answer to antenna effi- 
ciency lies in having a set of good loading coils, 
one for each band employed, and, if you want 
to live to a ripe old age, stop your car and 
change both at the same time, equipment and 
antenna coil, when shifting from band to band. 

Preliminary adjustment of the antenna can be 
made with a grid dip meter. Final adjustment 
should never be attempted with this instrumenrtt. 
If you have made your coils in accordance with 
the chart, you will probably find that using the 
grid dip meter at all is simply a waste of time. 
You will probably be able to insert them, one 
after the other, and discover that your antenna 
“loads” with all of them. We are, however, 
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Fig. 10. Polar plot of a resonant short vertical 
antenna mounted on the left rear bumper of 
an automobile. 


shooting at considerably more than just “load- 
ing” which is not an expression of radiation 
efficiency. It is, however, a step along the way. 
What we want is a set of coils to cover all 
amateur bands when used with the same top rod 
length. The chart is designed to give you such 
a set of coils. It is more difficult to secure 
resonance within the 75-meter band than in 
any other band. This is the place to start 
checking. 


Special Problems Encountered on 75 Meters 


The 75-meter coil shown on the chart is 
designed to center, with the rod lengths stated, 
at 3900 kc when operating, and not by grid dip 
measurement. 

You should fire up your transmitter and 
determine that it will center there. It will cover 
approximately 50 kilocycles either side of this 
center with fair efficiency although it should be 
used on center for maximum efficiency. This 
may be all of the 75-meter band you will ever 
care to cover. If it is not, and you wish to 
cover the entire band, you must resort to ca- 
pacitive tuning. 

It is not possible to design one coil, or one 
antenna, with sufficient bandwidth to provide 
anything resembling efficient operation over 
such a wide frequency range as the entire 75- 
meter band or even between 3800 kc and 4000 
ke. You cannot tap the coil and move in- 
ductively. You cannot place a variable con- 
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is only one answer. The distributed capacity of 
the entire antenna system must be changed or 
the inductance must be changed. In either case, 
this means that the top tuning element, above 
the coil, must be modified. There is nothing 
you can do to the coil and there is nothing 
you can do below the coil that will not tend to 
lower the antenna efficiency. This includes in- 
serting variable inductors, motor driven or 
otherwise, at the base of the antenna. 


Top Loading 


The addition of a very small capactive de- 
vice, “hat,” strip of aluminum, wire, or rod 
firmly attached to the top whiprod is the only 
good method. (Figure 12). When this is at- 
tached it then becomes necessary to adjust the 
top rod length in a manner so that with this 
device located some distance up the top rod, 
you can achieve resonance at the 4-megacycle 
end of the band. The device can then be moved 
down the top rod, closer to the coil, to pre- 
determined locations, for satisfying resonance 
at lower frequencies in the band. This hat will 
cause some swing and sway and is to be recom- 
mended only for those who must cover the 
entire band quickly and are willing to sacrifice 
some efficiency to this end. A better method is 
to carry along more than one top rod and 
change to a different length if necessary. You 
will experience no difficulty at all in covering 
the other bands higher than 75 meters with 
but a single rod and without tuning devices. 
This complication is applicable only to the 75- 
meter band. 

On the subject of top rods, here too the best 
compromise must be selected. The top rod is 
essentially a tuning element and not a radiating 
one. Most effective radiation takes place below 
the loading coil. 
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ing, and SWR, than motion of any other an- — 
tenna section. If the top rod “leans” this can ~ 
usually be compensated for by equipment ad- : 
justment. If it wobbles all over the sky while 

you are driving you are licked. A heavy metal 
top rod is definitely not the answer. A slim 
stiff, lightweight metal rod is better. The newer, 
very lightweight fiberglas top rods are better 
yet. Standard fiberglas rods of the proper ~ 
length are now being made that will stand up ~ 
practically straight at any car speed and will — 
not flounder around when the brakes are ap- ~ 
plied. If you select one, make certain that it is ~ 
equipped with a metal corona ball and not one ~ 
of plastic. With a really high-Q coil at 4 ~ 
megacycles you can actually burn the plastic ~ 
ball right off the top of the rod. | : 
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Final Adjustment 


Now for final frequency adjustment of the — 
antenna. Again let us say that if your coils have ~ 
been properly made in the first place, it is a 
serious mistake to prune them. Set up the an-— 
tenna and fire up the transmitter. With an-— 
tenna resonance somewhat on the low side, — 
which is where it will be, you are ready to go. — 
If you use a pi-net outvut circuit in your trans- — 
mitter it is a relatively simple job at this stage — 
to trim the antenna to exact frequency. With a 
the antenna somewhat on the low frequency 
side it will exhibit inductive reactance and the ~ 
transmitter will “load” only with a minimum of — 
pi-net loading condenser. By trimming the top — 
rod, fractions of an inch at a time, the pi-net — 
loading condenser will start coming in and — 
more capacity will be required each time the — 
rod is trimmed. When you arrive at a point 
where from 300 pufd to 500 pufd is being used 
to properly load your final, you are there. Go- 
no further, it is tuned. : 


If you have made your coils according to 

the chart, you can now shift from coil to coil 
and you will find that your antenna is properly 
adjusted for all bands. About the same amount 
of pi-net loading condenser will be used on 
each band. This is the time to begin finding 
out what you really have accomplished. 

This is not too easy to do. Right here you 
need a lot of expensive test equipment or, in 
lieu thereof, a lot of patience. If you do not 
have access to the high quality test equipment, 
you may be forced to test your antenna in “on 
the air” measurements. These can never be 
wholly relied upon and depend to a great extent 
on band “conditions” over an extended period 
of time. At any rate if you cannot secure high 
quality test equipment, do not get any. Even 
the best is not yet good enough in many re- 
spects. 


Impedance/ Efficiency 


Many comparative measurements have been 
made with a representative antenna built in ac- 
cordance with the data contained herein. Using 
a General Radio Model 916A bridge, this an- 
tenna will exhibit a terminal impedance of 25 
ohms. The average mobile antenna employing 
a coil of poor form factor, and half the Q, and 
wound on some poor dielectric, will hardly 
achieve half this impedance. Most will measure 
10 ohms or less. At a specified power input 
level the base current of the 10-ohm antenna 
will be somewhat less than the base current 
exhibited by the 25-ohm antenna as measured 
with a radio frequency ammeter. So there you 
are, and where are you? You have an antenna 
power better than twice as great and with the 
same power input. You have just managed to 
get something for nothing and you should feel 
pretty good about it. 


Feed Line 


There are a number of ways of feeding 
power from the transmitter to such an antenna. 
They have been adequately discussed elsewhere 
and often. A very short length of RG-8/U is 
customarily employed. If longer lengths are 
used there is always the possibility of running 
into reactive difficulties. In such cases the best 
bet is to use a one-half wavelength line of 
RG-8/U. In any case, the antenna being 25 
ohms, there is always the possibility of using 
two identical lengths of RG-8/U in parallel 
and coming up with a “perfect” impedance 
match. Handbooks should, of course, be re- 
ferred to for methods of feeding. Here we 
are interested only in having something to feed. 

Follow closely the suggestions contained 
herein and you can come up with a mobile 
antenna that will enable you to pick 3 db. or 
“more, as compared to “just another mobile 
antenna” as a reference. You will discover 
that communication can be maintained where 


the usual mobile system fails. : 

Do not be surprised if you cannot, success- 
fully compete with a fixed station on the same 
frequency using a kilowatt and a three element | 
beam. A few kc away from his frequency, 
however, you will find that you can work nearly 
everything that he can. An antenna of this — 
design has been instrumental in working WAC 
mobile over and over again. It has worked 
Australia the long way around in the middle 
of the afternoon, and has worked western 
Australia, the furthest point on the globe from 
the East Coast, the short way around at mid- 
night, right through the West Coast QRM. 

Amateur Utopia can be defined as possessing 
an antenna system capable of working anything 
you can hear. With this antenna many calls 
have been answered by stations that were ac- 
tually too weak to copy. What more can any- 
one ask for? 


Practical 
Mobile Antennas 


The usual mobile whip antenna used on the 
high frequency bands requires little or no load- 
ing to resonate it to the operating frequency. 
The radiation resistance of such resonant whip 
antennas for these frequencies is in the order 
of 25 to 35 ohms. 

According to formula, a resonant whip for 
10 meters should be between 8’4” and 7/11” 
long, depending upon the operating frequency 
in the 10-meter band. This is not strictly true, 
as a ¥4-wave whip working in conjunction with 
a car body does not act as a true ground plane 
on 10 meters. The car body distorts the true 
circular pattern of the whip, and also alters 
the radiation resistance and the true resonant 
length of the whip. Typical measurements on 
several mobile installations indicate deviations 
from the accepted whip lengths of as much as 


Fig. 12. A detachable pigtail permits frequency 
shift. of 80 meter mobile whip. 
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The effective 


Fig. 13. “length” of a_ whip 
antenna on 10 meters may be changed by 


adding a small resonating coil at the base. 


one foot to obtain resonance at the desired 
frequency. 

It is very important that the whip antenna be 
resonant near the operating frequency. If the 
whip length is fixed, additional “length” may 
be added to it in the form of a small coil, 
wound of No. 12 enameled wire, about 14” 
diameter between the base of the whip and the 
coaxial line (Fig. 13). The number of turns in 
this coil are adjusted until the antenna reso- 
nates at the correct frequency. If the whip is 
too long for the desired operating frequency, 
a variable condenser of 200 pufd. capacity may 
be placed between the base of the whip and 
the coaxial feed line. This condenser should be 
adjusted until the antenna resonates at the de- 
sired frequency by coupling the whip to ground 
through a two-turn coil and using a grid dip 
oscillator. 


Extended 10 Meter Whips 


It is possible to use an extended length whip 
antenna on 10 meters for improved perform- 
ance. A whip that is longer than 4-wavelength 
may be series tuned to resonance, and will ex- 
hibit two desirable characteristics: The radia- 
tion resistance of the extended whip antenna 
is raised to a higher value than that of a %4- 
wavelength whip, providing a better match for 
the coaxial feed system, and the radiating char- 
acteristics of the antenna are improved slightly 
with a resulting increase in gain of the antenna. 
This is a result of the lowering of the radiation 
lobe of the whip antenna due to the increased 
length, and also because the high current area 
of the antenna is farther removed from the 
body of the car. The over-all length of the 10- 
meter extended whip should be 10 feet for 52- 
ohm coaxial feed, and 11 feet for 72-ohm feed. 
The whip should be series tuned at the base by 
means of a variable condenser (Fig. 14). The 
condenser, C, should be adjusted so as to grid- 
dip the antenna at the chosen operating fre- 
quency in the 10-meter band. The whip an- 
tenna will provide a very close match to the two 
feed lines if the above lengths are used, the 


204 Mobile Handbook 


VSWR will be very low, and the antenna will 
readily accept power over the whole 10-meter 
band. : : 


15 and 20 Meter Mobile Antennas 


A fifteen-meter 4%-wave whip antenna is ap- — 
proximately 11 feet long. It may also be oper- ~ 
ated on 10 meters, by the use of a series © 
capacitor at the base as described above, thus ~ 
providing excellent two band coverage (see ~ 
Fig. 15). If a shorter whip is desired, a 10- — 
meter whip about 8 feet long may be used, with ~ 
some means of loading. Center loading is rec- ~ 
ommended, and for a standard two piece whip ~ 
with a center loading form, 16 turns of No. 14 — 


enamelled wire, 1” diameter, and spaced to a 
winding length of 514” will resonate the whip 
to the vicinity of the 21-Mc band. The whip 
may be adjusted to exact frequency by adjust- 
ment of the spacing of the turns of the coil. 


EXTENDED 
10 METER 
WHIP 


Fig. 14. Series resonating an extended 10-meter 
whip antenna. 


An eight-foot whip may be loaded to 20 ~ 
meters by the use of a small loading coil in — 
the center of the antenna. A typical coil con- e 
sists of 33 turns of No. 14 enamelled wire, 1” — 


diameter, and spaced to a length of 514”. 


The loading coils for the 15 and 20-meter — 
antennas should be wound on low loss poly- — 
styrene coil forms. Such a form is shown in ~ 
Fig. 16. For high power, No. 10 enamelled 
wire should be substituted for the specified No. — 
14. The radiation resistance of a center loaded — 
15-meter whip runs about 28 ohms, while the — 
radiation resistance of a center loaded 20-meter ~ 


whip runs about 18 ohms. 


40 and 80 Meter Mobile Antennas 


At a frequency of 40 meters, the loading coil | 
in the usual eight-foot mobile whip starts to 
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G-66 RECEIVER 


Gonset’s new Mobile Twins, G-66 Receiver and G-77 transmitter, 
represent the perfect mobile combination. Outstanding multi-band 
performance—beauty of appearance—finger-tip control—6 and 12 
volt operation—compactness without compromise! Typical Gonset 
dollar-for-dollar value—real “owner satisfaction”, 


NOT YET RELEASED, G77 WILL BE AVAILABLE SOON AT YOUR DISTRIBUTOR, 


SS 


6 BANDS: 540-2000 kes. 3500-4000 kes. 7000-7300 kes. 14,000,14,350 kes. 
21,000-21,450 kcs. 28,000-29,700 kes. 


AM, CW, SSB RECEPTION. Highly stabilized HF and BF oscillators and 
xtl controlled 2nd conversion oscillator. 


STEEP SKIRT SELECTIVITY: 265 ke 2nd 1I.F. 8 high Q tuned circuits, 
3.5 ke 1.F. bandwidth at 6 db down. 


DOUBLE CONVERSION ALL BANDS: 2050 ke ist I.F. Double input tuning 
(3 tuned circuits) on high bands for high image rejection. 


AVC—Noise limiter—Panel S meter—antenna trimmer—BFO pitch—Audio-RF 
gain control—slide rule dial—3 watts audio. 


G66 RECEIVER...(less power supply)..........(#3046)......net 189.50 
“3 way” (6V-12V-115V AC) Universal power supply/speaker..net 44.50 


FREQUENCY RANGE: 80-40-20-15-10 meters. VFO or xtal, switchable. 
Highly stable VFO, each band spread over most of slide rule dial. 


FULL BANDSWITCHING: Exciter ganged with VFO, pi network output. 


POWER INPUT: 50-60 watts, modulated. CW provisions, 6146 tube in 
output. New modulator has integral speech clipping. High gain speech 
for PA-type dynamic, reluctance or xtal mikes. 


POWER SUPPLY: Heavy-duty, vibrator, 6 and 12V DC. Output voltage 
500-600V full load, Selenium rectifier, low drain both on standby and 
transmit. Power supply is a separate compact unit. 
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assume a dominant role in the efficiency of the 
antenna system. At higher frequencies, the 
amount of loading needed is quite small, and 
the loading coil has few turns and relatively 
high efficiency. The losses are low, and the an- 
tennas are very efficient. At 40 meters, the load- 
ing coil is quite large and the losses are apt to 
be high, unless certain precautions are taken. 

Coil I of Figure 17 is an example of a high 
efficiency loading coil for 40 meters. 

The radiation resistance of a 40-meter loaded 
whip is quite low, running in the vicinity of 
10 ohms. Center loading should be used with 
the whip antenna. 


Low Frequency Loading Coils 


The literature on the design of high-Q coils 
discloses some interesting facts, not all of them 
favorable to the specialized coil required in a 
loaded antenna: 

1. In general, the larger the coil, assuming 

a good form factor, the higher the Q. 
2. Once the size of the form is established, 
the optimum wire size is somewhat 
smaller than the largest size that will 
give the necessary number of turns in 
the space available. In other words, 
use smaller wire and space the turns. 
3. Reasonable liberties can be taken with 
form factor, and since a long slim coil 
can be more easily mounted on a car 
than a squat fat one, some departure 
from the dimensions can be tolerated. 

As an experiment, W2CVV made several coil 
forms of dry maple, following these general 
specifications. The results were disappointing— 
the best coils wound on these forms had a Q of 


is 


41 FOOT WHIP 


Fig. 15. The eleven foot whip antenna may be 

used for both the 10 and 15-meter bands. The 

whip is resonated at 10 meters by a series con- 
denser and on 15 meters by shorting it out. 
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2% DRILL, %g DEEP 
TAP Y2-13 
COIL FORM 
MAT.-4"DIA POLYSTYRENE 
MAKE- 4 


479-13 THREAD 
TO MATCH COIL 
FORM 


END FITTINGS 
MAT.- V2 HEX BRASS 
MAKE- 2 


3/4 WASHER 


NOTE-ASSEMBLE FITTINGS AND COIL FORM. TRANSFER 
5/3p HOLE TO FITTINGS AND DRILL AND TAP FOR 
6-32 SCREWS TO PASS THROUGH COIL FORM. 
ANCHOR WINDING TO SCREWSe 
Fig. 16. Loading coil form suitable for use on 


15 and 20 meters. 


only 180. Although dry wood is supposed to 
have reasonably low loss, it was found that 


“reasonably low loss” was not good enough. — 


Transferring one of the windings having a Q 
of 180 from the wood form to one of poly- 


styrene immediately increased the Q to over 


300. | 

A typical coil wound on a polystyrene form 
is shown in Fig. 1/8, and the constructional 
details are shown in Fig. 19. The core is a 


piece of 134” diameter polystyrene rod, under- — 


cut and threaded to take the winding of No. 18 
enamelled wire spaced 16 turns per inch. The 
end fittings are made from brass, and securely 


anchored to the core by threading into it and — 


then staking with a No. 8 screw tapped through 
the brass washer and on into the polystyrene. 
The fittings are threaded to accommodate the 


antenna sections that will be used. After final 
adjustment, the entire coil is covered by a poly- 


styrene sleeve, 134” inside diameter, slipped on 
and cemented into place. Be sure to do a care- 
ful job of cementing since otherwise the coil 
will “breathe” and water will condense inside. 


High Efficiency Loading Coils 


Several types of highly efficient loading coils 
for 40 and 80 meters, designed and built by 
W6LXA are illustrated in Fig. 17. The core, 
or supporting structure of the coil is a 1” diam- 
eter length of hollow phenolic rod. Fittings 
are placed on each end of the rod to match 
standard whip sections. 


Coil J is designed to resonate at 7.2 mcs. It 


consists of a short length of Barker and Wil- 
liamson airwound coil No. 3906 or Air Dux 
No. 2008 (21%” diameter, No. 14 wire, 8 turns 
per inch). This airwound coil is spaced away 
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hWe-Niking Mobile 


o7 INT 


— » 


Not just a transmitter... but a 
COMPLETE MOBILE TRANSMITTING SYSTEM! 


Here’s another of the many reports on the outstanding 
performance of Viking Mobile Equipment. Phil Wicker, 
W4ACY, an active ARRL member, has logged 42 DX 
countries (32 confirmed) with his Viking Mobile VFO 
and Transmitter. 


VIKING “MOBILE” TRANSMITTER 


This power-packed Viking ’’Mobile” Kit delivers 60 watts 
maximum PA input . . . instant bandswitching on 75, 40, 
20, 15, and 10-11 meters. Gang tuned exciter through 
final — series tuned link output circuits for each band 
ganged to a single front panel control! RF fixed bias 
supply saves up to 7 amperes car battery drain. PP807’s 
modulating a single 807 provide terrific audio punch for 
cutting through QRM. Compact — only 6” high by 7’ 
wide by 10’ deep — designed for under-dash mounting — 
all controls readily accessible. For 6 or 12 volt operation. 


Cat. No. 240-141 | Viking ‘‘Mobile’’ Transmitter Kit, 
less tubes, crystals and microphone. $99.50 Amateur Net 


Cat. No. 240-141-2 Viking ‘Mobile’ Transmitter, 
wired and tested, less tubes Ayaqilable on special order. 


“’'WHIPLOAD - 6” 


Provides high efficiency base load- 
ing for mobile whips with instant 
bandswitch selection of 75, 40, 20, 
15 and 11-10 meters. On 75 meters, 
a special capacitor with dial scale, 
permits tuning entire band. Other 
bands covered without tuning. Air- 
wound coil provides extremely high 
“Q."’ Fiberglas housing protects as- 
sembly. Mounts on standard mobile 
whip. 

Cat. No. 250-26 “Whipload-6". .$19.50 Amateur Net 


Free 8-page catalog! Write for your copy today! 


EE. FEF. Johnson Company 


2828 SECOND AVENUE SOUTHWEST © WASECA, MINNESOTA 


VIKING “MOBILE” VFO 


Extremely stable, only 4” x 41/2" x 5’. Designed for 
steering post or under-dash mounting. Will drive any 
straight pentode crystal stage. Vernier dial calibrated 
80, 40, 20, 15, and 11-10 meters. Tube line-up; 6BH6 
oscillator, 6BH6 amplifier/multiplier, OA2. regulator. Re- 
quires 6.3 V at .45 amps. or 12.6 V at .25 amps. and 
250-300 V DC at 20 ma. Complete with tubes and cables. 
Plugs into Viking ‘‘Mobile’’ or may be. used with any 
mobile transmitter. 


Cat. No. 250-152 Viking ‘“Mobile’ VFO Kit with tubes, 


and assembly instructions......... 33.95 Amateur Net 
Cat. No. 250-152-2 Viking ‘Mobile’ VFO, wired and 
tested with tUbeS. <5. .6 2.0.0.6 01026 apo $49.95 Amateur Net 


£> 


DYNAMOTOR POWER SUPPLIES AND BASE KITS 


Supplies voltages for all stages iis, 
of Viking ‘‘Mobile’’ and Viking 
“‘Mobile’’ VFO. Base contains 
contactor, fuses, filter and ad- 
justable 50 watt dropping resis- 
tor. Supplied with connectors 
for Viking ‘‘Mobile.’’ Rated 500 
volts, 200 ma. intermittent. 
Base kits accommodate PE-103, 
Carter and others. 


Cat. No. Amateur Net 
239-102 Dynamofor power supply, 6 volt 

LEMP Y ccs he cee cat Ce ce EB tees, 9 $89.50 
239-104 Dynamotor power supply, 12 volt 

PP IROEN coec nonce We octet Seka safea aaaraals 92.50 
239-101 Base kit for 6 volt operation......... 16.50 
239-103 Base kit for 12 volt operation........ 17.40 


See your distributor 
Johnson Amateur Equipment is sold 
only through Authorized Johnson Dis- 


tributors—most offer convenient time 
payment plans. For complete informa- 


Capacitors « Inductors * Knobs « Dials Sockets « Insulators e Plugs ¢ Jacks e Pilot Lights tion see your distributor. 


‘Mobile Handbook 207 


from the phenolic rod by three polystyrene 
washers, one at each end of the coil, and one 
in the middle. This assembly provides a very 
rugged loading coil that will withstand hard 
abuse. It will handle 1000 watts of power at 
7 megacycles with very little loss. The Q of 
this coil is 250. 

Coils 2 and 3 are designed for 80 meters, and 
are built in the same manner as Coil 1. Coil 2 
uses B & W. 3906 or Air Dux No. 2008 air- 
wound coil material (QO : 350), while Coil 3 
uses B. & W. 3907 or Air Dux No. 1610 (2” 
diameter) coil material (Q : 315). 

Coil 4 is an experimental coil that has pro- 
duced exceptionally good results. The theory 
of operation is discussed below. The center 
support of the coil is a 20” length of hollow 
phenolic rod. The coil is 112” in diameter, and 
spaced away from the rod by three long strips 
of 4” x 14” polystyrene that run the length of 
the coil. These strips are spaced 120 degrees 
around the phenolic form. The coil is air- 
wound of No. 16 wire, 9 turns to the inch. The 
coil is 1714” long, and has 155 turns. 

The Q of this coil (240) is not as good as the 
shorter, larger diameter coils, but its other 
properties greatly -outweigh the importance of 
the lowered Q. 


Coil 4 of Fig 17 was wound with a rather 
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unusual idea in mind. The cet was made small 
in diameter, and very long. This, of course, — 
spoiled the form factor and resulted in a de- 
cided drop in the Q of the coil. It was hoped — 
that the actual radiation of r-f energy from the © 
coil would be enough to overcome the lowered © 
efficieney of the coil. 4 
The Radiating Loading Coil : 
This theory was borne out in actual field 
strength measurements. The long, thin coil 
repeatedly gave higher field strength measure- 
ments than shorter coils of better form factor — 
and higher Q. This would indicate that the — 
coil is actually radiating energy in conjunction — 
with the whip. The radiation resistance of this 
antenna is also appreciably higher than that of — 
antennas using more conventional loading coils. — 
Using such a coil as illustrated in Fig. 17, a 
transmitting impedance of 17 ohms was meas- 
ured for an eight-foot whip at 4 Mc., and a 
calculated over-all efficiency of 60% was ob-— 
tained for the antenna system. : | 


Capacity “Hats” 


Cet Lore! Pg 


If a longer whip section is used above the - 
loading coil, a greater total value of current 


Fig. 17. High efficiency loading coils. Coil ~ 
| is designed for the 40-meter band and 
is 2¥2 inches in diameter and 5 inches long. 
Coil 2 is a 75-meter loading coil made 
from B.&W. coil stock mounted on a one- 
inch phenolic rod. The coil is spaced away 
from the rod by polystyrene washers. Coil 
3 is also a 75-meter loading coil with a 
two-inch diameter. Coil 4 is adjustable 
through the whip section at the end. It 
is designed for 75 meters and is 12 
inches in diameter. 


% 
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NEW MULTIPHASE ‘“Q” MULTIPLIER 


@ Peaks Desired Fone or CW Signal 
e@ Nulls Out Interfering Carrier up to 50 DB. 
No Loss in Speech Intelligibility 


Plugs into Model A accessory socket, 
converting it into a Model B. New front 
panel and controls provided. Enjoy all 
the advantages of ‘'Q"' Multiplier selec- 
tivity on CW, AM & SSB with your 
present Model A Slicer. 


A NEW CONCEPT 
IN LINEARS 


e Single 813 in Class ABs. 500 watts DC in- e 


put. 


e New band-pass couplers provide high linear 


efficiency: 60%. 


e Designed for 50-70 ohm coaxial input and 


output. 


e Built-in power supply. Bias and screen regu- 
lation. Automatic relay protection. 


@No 


Circuit 


FOR AM, CW, SSB OPS 


Desk Model ‘‘'Q” Multiplier for use 
with any receiver having 450 to 500 
KC IF. In attractive, compact case with 
connecting power-IF cable. Power sup- 
plied by receiver. Also provides added 
selectivity and BFO for mobile SSB or 
CW reception. 


Insertion Loss —New Two Tube 


e@Special High ‘‘Q” Pot Core Inductor 


Over 
SLICER 


BUILT-IN “Q” MULTIPLIER 


Upper or lower sideband reception of 


oreeene 


eee a ee) arya (eh Gane 


Exclusive metering circuit reads grid current, 


watts input, RF output, reflected power from 


mismatched load—switch to any position 
while on the air! 

e Completely shielded—TVI suppressed. Free 
of parasitics! Low intermodulation distortion. 


e Choice of grey table model (17%"W, 834” 


*All orders received prior to April 20, 1956 will be filled at the old price. 


% 


MODEL 20A 

020 Watts P.E.P. Output SSB, AM, 
PM and CW 

e Bandswitched 160 — 10 Meters 

e@Magic Eve Carrier Null and Peak 
Modulation Indicator 


Choice of grey table model, grey or black 
wrinkle finish rack model. 
Wired and tested.....-+-s+sse8: $249.50 


Complete kit. .-. sees rersee 


MULTIPHASE 


EQUIPMENT 


1247 W. Belmont Ave. 


MULTIPHASE EXCITERS 


Cluck These "Peatures 


NOW IN BOTH MODELS 


ePerfected Voice-Controlled Break-in on 
SSB, AM, PM. 

@ Upper or Lower Sideband at the flip ofa 
switch, with 40 DB. suppression. 

eNew Carrier Level Control. Insert any 
amount of carrier without disturbing car- 
rier suppression adjustments. 

@ Talk yourself on frequency. 

eCalibrate signal level adjustable from 
zero to full output. 

eNew AF Input Jack. For oscillator or 
phone patch. 

e CW Break-in Operation. 

e Accessory Power Socket. 


H, 13’’D) or grey or black rack model. 
Wired, with tubes 


$495.00* 


wigleleicle.c, eis) 0 €141a\6)4 9.6.00 €.¢, 0.001016 6.01010 @,0\u'0\6 5 6 s\sie,m0/e 


MODEL 10B 

e10 Watts P.E.P. Output SSB, AM, 
PM and CW. 

e Multiband Operation using plug-in 
coils. 


Choice of grey table model, grey or black 
wrinkle finish rack model, With coils for 


one band. 
Wired Gnd. tested: cscs snc sesaeee ht eiwo 


Complete kit. ..ssssseceeceeres + 9129.90 


Chicago 13, Illinois 
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Fig. 18. The late W2CVV de- 

signed this polystyrene coil 

form in an effort to secure 
a maximum Q. 


will flow through the loading coil and the 
lower section of the antenna. Since the whip is 
longer, the loading coil can be made smaller, 
with less inherent losses. A whip length above 
the loading coil of six feet is just about the 
practical maximum for ordinary automobile 
driving. An electrical length greater than this 
can be obtained by the use of a top loading 
disc, or capacity “hat” (Fig. 20). This hat in- 
creases the effective capacity of the top section 
of the whip to ground and effectively “length- 
ens” the top section of the antenna. For best 
results this hat should not be located directly 
above the loading coil, as the capacity of the 
hat will then appear across the loading coil, 
rather than from the hat to ground. At all times, 
the capacity across the loading coil should be 
kept as low as possible. This rules out the use 
of metal coil cans or hats mounted in the vicin- 
ity of the coil. They will merely increase the 
distributed capacity across the coil, and do 
little to increase the efficiency of the antenna 
system. 


160-Meter Loading Coils 


The 160-meter band is rapidly gaining in 
popularity as a mobile band. The attenuation 
of vertically polarized signals in the 80-meter 
region during daylight hours is very pro- 
nounced (see Fig. 21) while, during the evening 
hours, the heavy QRM on the 80-meter band 
makes mobile operation very difficult. 

The ground wave propagation characteristics 
of 160 meters is considerably better than that 
observed around 4 Mc. at any given distance. 
Contrary to some popular opinion, a loaded 
8-ft. whip antenna can be made to work out on 
this band. 

A 160-meter loading coil is shown in Fig. 22. 
Two different types are shown. Either one will 
work satisfactorily, and the choice between 
the two can probably be made on the basis of 
available materials. 
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Summary 


In general, the following rules should apply 
to the over-all design of the loaded whip an- 
tenna: 

Rule I—For greatest coupling efficiency and highest 
radiation resistance, the loading coil of a whip 
antenna should be mounted as far up the whip as 
is physically possible. 

Rule 2—If the loading coil is mounted more than half 
way up the whip antenna, some form of capacity 
top loading should be used. . 

Rule 3—The portion of the antenna above the loading 
coil should exhibit a minimum of shunt capacity 
across the coil. This means that any capacity 
loading device should be mounted at least a foot - 
above the loading coil. 

Rule 4—It is better practice to increase the length 
of the whip above the coil than it is to use 
lumped capacity loading. This will produce a 
minimum of shunt capacity across the loading coil. 

Rule 5—The diameter of the loaded whip antenna 
should be as great as physically possible. 

Operation of Low Frequency 
Loaded Whip Antennas ‘ 

One of the penalties that must be paid for : 

high Q and high efficiency in the antenna sys-_ 

tem is that the tuning of the antenna becomes 
extremely sharp. It is thus necessary to adjust 
the loading accurately, and to adjust it for each — 
significant change in operating frequency. To 
put this in practical terms, if the frequency is 
shifted plus or minus 5 kc. without reloading, — 
no appreciable loss will result; 10 kc. and the — 
output and transmitter plate current will start 
to drop off; 15 or 20 ke., and the performance — 
will seriously suffer. Obviously some conven- _ 
ient means must be provided for adjusting the 
antenna loading or some other portion of the 
circuit to tune out the antenna reactance at 
each frequency setting. 

On 40 meters, the loading coil is smaller, and 
the whip is longer in proportion to the wave- 
length. Changes in frequency of plus or minus 
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1 model SX-100 ®@ 

AM-CW-SSB. ®@ 

receiver & 
$295.00 

o 

i 


“Tee-Notch” Filter provides a stable non-regenerative @ 
system for the rejection of unwanted heterodyne in SSB. 
The “Tee-Notch” also produces an effective steepening e 
of the already excellent 50 mc i-f pass band. Upper or @ 
lower side band selectable by front panel switch. Notch 
depth control for maximum null adjustment. Antenna 
trimmer. Plug-in laboratory type evacuated 100 kc, 
quartz crystal calibrator—included in price. Second @ 
conversion oscillator crystal controlled—greater sta- e 
bility through crystal control and additional tempera- 
ture compensation of high frequency oscillator circuits. @ 


® 

: model HT-30 @ 
AM-CW-SSB 

transmitter / es 

exciter ) 

$495.00 e 

® 


Built in V.F.0. reads directly in kilocycles. V.F.0. sta- 
bility is equal to most crystals—.009%. There are also @ 
provisions for 1 crystal for fixed frequency operation. @ 
Selective filter system. is same used by commercial 
communications companies for reliable sideband selec- e 
tion to assure continued suppression of unwanted side @ 
band energy (down 40 db or more) and distortion prod- 
ucts. New 50 db range meter for constant monitoring of 
r-f output and carrier suppression. Voice control system 
built in with adjustable delay and anti-trip features. @ 
Front panel controls allow selection of AM, CW, and 
upper or lower side band. 


model HT-31 
AM-CW-SSB 
linear power 
amplifier 
$395.00 


@ Continuous frequency coverage from 3.5 mc to 30 mc. 
Pi-network output for efficient harmonic and T.V.I. 
suppression. Major T.V.I. suppression built in. Does 
not require an antenna tuner as will feed loads from 50 @ 

@ {to 600 ohms. Full metering of all important circuits, 

e including input in watts. Employs two 811-A zero bias 
triodes in parallel. The input system is designed to be @ 

@ fed from a 50-70 ohm unbalanced line and requires a 

‘@ Maximum of 10 watts drive on 80 meters. The grid 

tank circuit is balanced to provide all band neutraliza- 


tion. ap 
€ ® 
@@e@e@0e00000000008080 


hallicrafters 


| Chicago 24, Illinois 


—————— 


22 years experience 
guarantees the best 
in every price range 


m model SX-96 
AM-CW-SSB 
double conversion 
selectable 

side band receiver 
$249.95 


Precision gear drives are used on both main tuning and 
band spread dials. Double conversion with selectable 
crystal controlled second oscillators. Selectable side band 
reception of both suppressed carrier and full carrier trans- 
missions by front panel switch, delayed AVC, CW opera- 
tion with AVC on or off. Has calibrated bandspread. 
Double conversion superheterodyne over the entire fre- 
quency range. Automatic noise limiter operated from 
front panel. Carrier level indicator calibrated in ‘“‘S” units 
from | to 9, decibels to 90 db over S9, microvolts from 
1 to 1000 K. 


I model SX-99 
AM-CW receiver 
1 3149.95 


Over 1000° of calibrated bandspread over the 10, 11, 15, 
20, 40 and 80 meter amateur bands on easy-to-read dial. 
Separate bandspread tuning condenser, crystal filter, 
antenna trimmer, ‘‘S’”’ meter, one r-f, two i-f stages and 
new styling. Complete front panel controls: antenna 
tuning, sensitivity, band selector, main tuning, band- 
spread tuning, volume, tone, standby, selectivity, crystal 
phasing, noise limiter. 


model SR-500 
complete amateur 
radio station 
$1495.00 


A complete radio station in a handsome console cabinet— 
transmitter/exciter, linear power amplifier, receiver— 
affording the finest in V.F.O. or crystal. SSB, AM and CW @ 
transmission and reception. You need supply only the 

antenna, microphone and AC power. All the wiring is 

complete, and external connections are provided for @ 
antenna and microphone. A special communications @ 
speaker is positioned above the operating shelf. Console 

is mounted on casters. Three blank panels provide for ad 
installation of additional equipment. © 
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30 kilocycles of the operating frequency may 
be made with no appreciable loss of antenna 
circuit efficiency. However, for changes of the 
order of 50 to 100 kilocycles, some means of 
varying the antenna loading must be incor- 
porated in the antenna system. 


Maintaining Antenna Resonance 


On 10, 15 and 20 meters, the whip antenna 
will easily tune the complete amateur band 
with little trouble. No external means of alter- 
ing the electrical length of the antenna is neces- 
sary. On 40 meters, the loaded whip antenna 
will tune over about half the phone band, but 
some means of varying the loading inductance 
is necessary if the complete phone band is to be 
covered in an efficient manner. On 80 meters, 
the effective band width of a loaded whip is 
very narrow, and some means of rapidly and 
conveniently retuning the antenna to resonance 
from the car should be employed. 

The antenna resonant frequency may be 
changed either by altering the length of the 
antenna whip, or by varying the inductance of 
the loading coil. The first method is practically 
an impossibility to accomplish by remote con- 
trol. A whip adjuster, such as shown in Fig. 
17 may be placed between the loading coil and 
the top whip section to allow an adjustment 
of four inches or so in the whip length, but the 
car must be stopped and the length change 
made by hand. 

The antenna resonant frequency may be re- 
motely adjusted, as shown in Fig. 23, by em- 
ploying only partial loading in the antenna 
itself, and then by making up the difference 
with a variable inductor mounted in the car 
trunk. 

A rotary inductance coil, such as the Barker 
and Williamson No. 3852 is ideal for this pur- 
pose since it may be easily controlled from the 
operator’s position by means of a flexible tun- 
ing shaft. (Fig. 23). 

Referring to Fig. 24, the inductance of L2 
should be made as small as possible to keep as 
much of the antenna system outside the car as 
possible. This will reduce losses in the internal 
inductor, and at the same time will keep most 
of the lower impedance, or highest current por- 
tion of the antenna system out in the clear 
where it has a better chance to radiate. L/ 
should be adjusted so that resonance is realized 
at the highest frequency to be used when L2 is 
set for minimum inductance. In order to pre- 
serve the QO of L2, the tap should be connected 
so that the unused turns are not short circuited. 

Initial tuning may be accomplished through 
the use of a grid dip oscillator, the base of the 
whip antenna being shorted to ground during 
the measurement. All adjustments should be 
made with the trunk lid closed. 

As the inductance of L2 is increased, the res- 
onant frequency of the antenna system will be 
lowered. The additional losses introduced into 
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the circuit by the base loading coil may be 


considered negligible when compared to the ad- 


vantage gained by always having the antenna ~ 


tuned to resonance. 
An important requisite for this as well as 


for any other mobile antenna installation is — 


that the car body be made as good a ground 
system as possible. To do this, all sections of 
the body should be bonded together. 


The © 


bumpers, fenders, chassis, motor, etc. should ~ 


be all bonded with flexible copper braid. 

If the antenna is mounted at a place which 
requires a lead to be run between it and the 
inside of the trunk, a low capacity ceramic in- 
sulator should be used at the feed-through point. 

With this method of tuning, L2 should be 
mounted well clear of the car body to keep the 
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12 To clear 
4 completed 


i 


Undercut ond thread 16/in, Wind with #18 enameled wire. 
Outside of winding must clear inside of outside sleeve. 


OUTSIDE “SLEEVE 


(Polystyrene) 


Preat 
a a I ee Te 
7 GOIL FORM 
Na a a fA ar a 
(Polystyrene) 
Bore 2%q 
hy bat 
Thread 14 deep, >-13 wosher 
Che 
tte | 
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ere bay ashe y 
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Wosher, thick, soldered to stud 


END FITTINGS 
(Moke from + hex. brass) 


Note A: Usually 3/8°-24(G.E.) or 7/16 -24(Premax),thread 
to fit mounting base and antenna, 


Fig. 19. Construction details of the loading coil 
shown in photograph above. 


shunt capacity low. If the variable tuning ca- 


pacitor is used, L2 may be mounted outside the — 


car body at the base of the antenna. 

A gear reduction drive, such as the Millen 
No. 10,000 should be used between the rotary 
inductor and the flexible shaft. 


Mechanical Aspects of Mobile Antennas 


Impact strength of the system is important. 
This is particularly so if you are inclined to go 
around crashing into trees and the like. This 
calls for intelligent compromise. When the sys- 
tem is strengthened the weight goes up. When 
the weight and mass goes up, so does the wind 
resistance and inertia. You can meet yourself 


a 


Handsome is as 
handsome does! 


Quality mobile equipment 
can only be achieved 
with quality components. 


@ ‘Switches | 


Centralab 


Don’t forget Centralab also 
manufactures Printed Electronic 
Circuits and Variable Resistors 


® 


A DIVISION OF GLOBE UNION INC. 


956Y E. Keefe Avenue °® Milwaukee 1, Wisconsin 
In Canada: 804 Mt. Pleasant Road, Toronto, Ontario 
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coming back in this program. There are those 
who have attempted “beefing up” an antenna to 
a point where crashing into bridges and trees 
at any speed would leave the antenna intact. 
Doubling vehicle speed squares the force of 
impact. The “beefing up” process can be car- 
ried to a point where, under impact, the an- 
tenna will remain on the fender to which it is 
attached, but the fender will come off the car. 
This, too, is the wrong approach. 


Rigidity 


Electrical considerations demand that the 
vertical be just that. It must be vertical. It 
must remain perpendicular to the ground, and 
the vehicle, at all times, and at all speeds. When 


CAPACITY HAT, 
LOCATED AT LEAST ONE 
FOOT ABOVE LOADING 
COIL. THIS HAT MAY BE 
MOVED UP OR DOWN THE 
TOP WHIP SECTION TO TUNE 
THE ANTENNA OVER A 
SMALL FREQUENCY RANGE. 


Fig. 20. Use of a 
The “hat” is made of one-sixteenth inch diame- 
ter steel rods with four or six spokes. The 
diameter is between 8 and 14 inches and the 
hat is locked into place with “Allen” set screws. 


capacity “loading hat.” 


it fails to do so, many undesirable things hap- 
pen. The most noticeable of these is the chang- 
ing of power input. Detuning, sometimes rapid 
in form, introduces reactance, shifting terminal 
impedance, increased transmission line SWR, 
fading of the signal, and the losses begin to 
mount. Absolutely no swing and sway, lean, 
wobble, or floundering around can be tolerated 
if you want to get the most for the least from 
your mobile antenna. 

So now we know that we must make the 
thing stand straight up in the air. The only 
question is how to accomplish this. They do 
this sort of thing daily in the aviation industry 
not by “beefing up” and increasing weight and 
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Fig. 21. This graph shows a comparison of field 
strengths over good ground for frequencies 
equivalent to the 160 and 80 meter bands. Note 
that at 10 miles the 160 meter field is approxi- 
mately 10 db. stronger than the 80-meter field. 


wind resistance, but by slimming down, using 
lighter materials, and by reinforcing only at 
strategic points. The place to start is at the base 
mount. This should be substantial and should 
be rigidly attached. It should also be adequately 
reinforced. Any motion at this point is multi- 
plied many times at the corona ball. If you 
have a late model car, do not lean too hard 
against the fender while installing the base 
mount. The sheet metal now being used by 
car manufacturers is so thin you may fall 
through. Back up the base mount, behind the 
fender, with sufficiently substantial reinforcing 
to positively eliminate excessive flexing and 
sway. 


Springs 


The use of a spring in a mobile antenna is 
highly detrimental. Nothing will cause more 
loss, or electrical difficulty, than a spring, any 
spring, any kind, anywhere in the antenna, any 
time. The easiest way to reduce the effective- 
ness of your 50 watts to the level of a fair 15- 
watter is to use a spring. It is obviously not 
possible to keep the antenna perpendicular 
when one is used. A little wind resistance will 
cause the antenna to “lean.” When you accel- 
erate, decelerate, apply the brakes, or take a 
curve, the antenna will flounder around. 
Springs also “age,” sometimes introduce vary- 
ing amounts of inductance, and add to the loss 
resistance. They offer no protection against 
impact unless you happen to be moving slowly. 
They can destroy all you can otherwise gain by 
improvement. Take your choice. Either have 
a spring or an antenna. You cannot have both. 


NOW at Your Distributor... . 


The All-New, Advanced DAVIS ELECTRONICS 
MOBILE COMMUNICATIONS EQUIPMENT 


Featuring “Extra Performance” a Year Ahead of the Times! 


NEW! 500 “HI-Q” COILS 


“Q” Over 400! Highest known ‘'Q” in mobile 

coil to date. 1 coil per band (80, 40, 20, 15) 
plus new attachment for quick conversion to 

10 meters. You choose the band you want 

with maximum efficiency. Coil peaked at factory. 
Use with 36” base section, 60” whip. No 
pruning necessary due to advanced tuning 
method. Color coded for fast selection. Mount 
coil in 10 seconds. 


Amateur Net: $6.25 ea. coil 
$3.95 ea. shorting bar * Complete set: $26.95 


@ @ Hams report up to 5 times greater sig- 
nal strength with these ‘'500 Series'’ Coils! 


NEW! CONTOUR WHIP CLAMP 
Another Davis advancement. This 
whip clamp fits the natural bending angle 
of the whip. Protects whip, gives long 
life. Clamps onto rain drain of any car. 
Rustproof. 


No. VD-109 Amateur net: $1.25 
Other Davis Mobile Products 


Fibreglass W hips 
Base Sections Body Mount 


NEW! DAVIS IMPROVED ALL-BAND 
HIGH-Q MOBILE COIL 


All bands 10 through 80 meters. New 
tuning shaft and silvered tuning 
contact give you positive, long- 
wearing action. Select band quickly 
and lock in position. Maximum 
efficiency under all road and weather 
conditions. Tough tenite, solid 

brass fittings. Standard 34”-24 thread. 


Model V102 Amateur net: $14.95 
@@ee@e@e@eee0ede08000080 90 


IN-LINE WHIP FLEXOR 
Keeps base section rigid by 
eliminating base section 
spring. Whip stays upright. 
Bends for storage, passing 
under trees. 


No. V-110S (Standard Model) 
Amateur net: $1.95 


No. V-110D (Deluxe Model) 
Amateur net: $2.95 


KWIK-ON CONNECTOR 

Set up or take down antenna 
in seconds (one for whip, 

one for antenna and coil). 
Ideal for use with new “Hi-Q” 
coils! Protect against theft. 
Rustproof. 

Amateur net: $3.95 

Mast Sections with Permanent 
Kwik-On Attached 

No. KO-24C (24”) 

Amateur net: $5.95 

No. K0-36C (36”) 

Amateur net: $6.45 


Friendship Offer! YOUR OWN SCOTCH-LITE CALL LETTERS 


Visible a quarter of a. mile away in the dark! Weatherproofed adhesive backs. Com- 
plete set at our cost, only 50 cents. (Worth $1.50.) Your distributor has ‘'Call Letter 
Coupons"’ or can get them from Davis Electronics. 


FREE! COMPLETE CATALOG AT YOUR DISTRIBUTOR OR WRITE TO 


DAVIS ELECTRONICS 
4002 W. Burbank Blvd., Burbank, California 
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@) BASE LOADING oe Wiad WHIP 
MOUNTED Hi . 
COIL? 146 TURNS #18 ENAMELED, 
204" DIA. 8° LONG. 
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CENTER LOADED 8 FOOT WHIP 

MOUNTED ON REAR BUMPER OF CAR. 

COIL! 475, TURNS # 22 ENAMELED, 
14" DIA. 27" LONG, SPACED 
WIRE DIAe 


Le 
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Fig. 22. Two variations of a 160-meter loading 
coil. Either method of loading may be used with 
assured equivalent results. 


TEs 
WWese COILS WILL VARY SLIGHTLY 
IN THE NUMBER OF TURNS 
DEPENDING UPON INSTALLATION 
AND EXACT PLACEMENT OF 
ANTENNA. 


Position on Car 


Before going on up the antenna, we should 
at this point establish the best location on the 
car to install the base. We have some latitude 
in this decision but it will be controlled some- 
what by the type and design of the car, the 
type of equipment installed in the car, distance 
from the equipment to the antenna, your per- 
sonal desire, and last but by no means least, the 
XYL’s commands. If you really want that 
additional 3 db. you had better sell her first. 
That is, sell her on the idea. The rest is easy. 
It has been well established that, at least for 
10-meter operation, the best location is on the 
left front fender a foot or so ahead of the 
car windshield. It has also been fairly well 
established that this same location is best for 
operation in the lower frequency bands. It has 
other advantages. It allows the use of a short 
transmission line, proper base elevation above 
ground, and the possibility of keeping the an- 
tenna clear of car structure and body contours. 
_ The next best location is on the rear deck, 
above the trunk lid, and on the left side of the 
car. This also provides proper base elevation. 
The first location is the only good location if 
you have a station wagon. 


Height of Elements 


In any case the base mount should be in- 
stalled at an elevation of about 36” from the 
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ground. Unless you have mighty high bumpers 
this eliminates bumper mounts. The elimina- 
tion of bumper mounting also eliminates much 
undesirable antenna directivity and pattern dis- 
tortion. By mounting the base at the 36” level, 
using a 36” standard base support rod, a load- 
ing coil, and a standard 60” top whiprod the 
coil is about halfway up the antenna from 
ground and is where it should be electrically. 
As mentioned earlier we are looking for the 
best possible compromise and this is it. 


Re-inforcement 


It has been stated earlier that the base mount 
should be adequately backed up with substan- 
tial reinforcing. Not only is this essential from 
a structural standpoint, but it is also necessary 
in order that a good low resistance ground 
termination may be had. The sheet metal sec- 
tions of a car are rarely bonded together elec- 
trically in a manner providing good low resist- 
ance continuity. This backing plate therefore, 
serves two purposes. It supports the base mount 
so that sway of the antenna is eliminated and 
it also aids in fixing an adequate ground of 
low resistance. It should be bonded directly 
to the car frame with heavy braid or flexible 
cable. The necessity for doing this cannot be 
emphasized too strongly. 

Base mounts with coax terminations built 
in are attractive, but should be chosen with 
care. They are a source of trouble in that 
through constant motion and vibration, they can 
work loose and cause intermittent operation. 
When this occurs, they begin to build up high 
resistance through contact corrosion, and losses 
skyrocket. If, for some reason, they must be 
used, it is suggested that they be modified to 
include a machined insulating tube around the 
female connector capable of furnishing con- 


stant pressure, thus prolonging the period of 


usefulness before the two parts loosen and 
corrode. There is no substitute for a well- 
soldered connection. 


Building An “All-Band’’ Loading Coil 


This “all-band” coil was designed for use in 
a base-loaded mobile antenna with a minimum 
over-all length of six feet. It will resonate an 
antenna of this length to any frequency be- 
tween approximately 3.75 Mc. and 30 Mc. 
Using a longer whip or adding a capacity hat 
to the antenna will permit operation on still 
lower frequencies. 

The continuously adjustable feature is val- 


uable in emergency or portable operation. The 


car may be parked and a long wire antenna 
clipped to the end of the mobile antenna. Then 
the entire combination may be resonated to the 
operating frequency by means of the slider 
in the loading coil, resulting in an antenna 
that may often rival the single-band whips in 
efficiency. 


—e 


Private mobile phones, taxicabs, trucks, 
ambulances, fire engines, patrol cars. 


...best for mobile 
communication circuits! 


You'll find many items for mobile commu- 
nication» needs among the 20,000 different 
electric connectors in the Cannon line... 
each one carefully engineered for compact- 
ness, positive contact, quick disconnect... 
each design proved in the field by thou- 
sands of users. 

Each series can be supplied with control, 
audio, and power circuit contacts. Audio 
connectors available through radio dis- 
tributors everywhere. Engineering repre- 
_sentatives in all principal cities available to 
you to discuss your engineering problems. 
See your phone book. 

For highest quality, dependability, top 
Police service, always CONNECT with CANNON. 


TYPICAL CANNON MULTI-CONTACT CONNECTORS FOR MOBILE USE 


Rack-panel-chassis Latchlock audio Military approved . Power, control, audio 


WRITE FOR CANNON “PLUG GUIDE” AND AUDIO CONNECTOR 
BULLETIN... TODAY! REFER TO DEPT. 150. 


yom CANNON ELECTRIC COMPANY, 3209 Humboldt Street, 
SS 2Ma\1915 Los Angeles 31, California. Factories in Los Angeles; 


ftectRic East Haven; Toronto, Canada; London, England. 


GANIC GOLsubits 
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Fig. 23. Partial base loading 
is used by W2AEF to obtain 
maximum coverage with an 
80-meter loaded whip. The 
variable loading coil was 
made from the antenna coil 
of an SCR-274N command 
transmitter. It may be re- 
placed with a B.&W. $3852 
variable inductance. 


Figure 25 illustrates the constructional de- 
tails of the loading coil. The fiber-glass rod 
that carries the weight of the antenna may be 
obtained from a sporting-goods store in the 
form of a “glass” fishing-rod blank. Obtain a 
fairly husky one and cut the piece required 
from the large end. Damaged blanks can fre- 
quently be picked up from larger sporting goods 
stores, where fishing rods are repaired, almost 
for the asking. 

The necessary plastic may be obtained from 
plastic extruding firms or specialty shops. It 
should preferably be one of the new butyrates 
that resist shattering and do not deteriorate 
under exposure to weather and sunlight. Some 
amateurs, who have built similar coils, have 
utilized plastic household utensils as a source 
of this material. 


=o) 


CONTROL FROM =< 
DASHBOARD > 


Fig. 24. Electrical equivalent of the variable load- 
ing idea shown in Fig. 23. 
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Construction 


Start construction with the plastic end pieces 
(B,C). One of several possible methods of 
making them is described here. Cut two discs, 
three inches in diameter, from 3/16-inch or 
'%-inch plastic. Then, cut two more discs of a 
diameter just sufficient to fit inside the ends of 
the B&W coil (A). Cement them to the cen- 
ters of the larger discs. Drill a hole through 
the center of each end piece, to pass the fiber- 
glass rod (D). 

Place these end pieces on the ends of the 
coil and measure the exact overall length. Cut 
the fiber-glass center rod one inch longer. 

Now make the metal fittings (E and F). 
They may be of brass or aluminum and are 
about 34” in diameter and 1” long. Drill half 
way through them from one end and tap the 
hole for %” x 24 threads to match standard 
mobile antenna fittings. 

Drill a hole through from the other end to 
be a tight fit on the fiber-glass rod. Drill and 
tap holes in the fittings for an 8-32 set screw to 
fasten them to the rods. Alternately, a small 
hole may be drilled through the fittings and 
rod to accommodate a brass drive pin. 

Next, make the slider mechanism (G, H, J). 
Obtain a piece of brass or aluminum about 
Ya” x WY" x %”. Cut a groove lengthwise 
along one of the 4%” x 4” sides to fit the con- 
tour of the center rod. This may be done with 
a file or by drilling a hole of the proper diam- 
eter in a piece of metal somewhat longer than 
desired and sawing it in two, lengthwise through 
the hole. 

Drill a %-inch hole into the bottom of the 
block, 12” from the groove for the brass adjust- 
ing rod (J), which should be about a foot long. 
Drill and tap a hole for a set screw to hold the 
rod to the block. 

The contactor (H) can be formed from a 
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round-head brass screw or pin. It is held in a 
small hole in the face of the sliding block (G). 
The contactor is spring loaded by slipping a 
small coil spring over its shaft before inserting 
it into the hole. 

Drill a hole through the bottom disc (C) to 
accommodate the adjustment rod. Fasten a 
Millen 10063 shaft lock (K) to the disc in 
alignment with the hole. At this time, drill a 
few additional holes in the disc to allow mois- 
ture to escape from the completed loading coil. 

Before assembling the various components, 
cement a narrow strip of thin plastic parallel 
to one of the ribs on the coil (4) about %” 
from it. The contactor (H) will ride between 
these strips. Be sure that the turns between 
them are clean and free of cement. 

Assemble the various parts as shown in Fig. 
25, connecting the top of the coil to the top fit- 
ting (EF). The other connection is made be- 
tween the shaft lock (K) and the bottom fit- 
ting (F). Complete the job by cementing a 
‘thin wrap of plastic around the coil to the end 
discs. 


Mounting the Coil 


Although the coil is designed for base load- 
ing, it should be mounted at least a foot from 
the bottom of the whip. This position permits 
pulling the adjustable slider clear out when 
operating on the lower frequencies. Equally 
important, this is a very high-Q coil, and any 
large metal mass in its field will reduce its Q 
sharply. For this reason, too, the coil should 
be mounted well clear of the metal body of the 
Car. 
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Fig. 25. Details of the “‘all-band’ loading coil 
described in text. A—B&W, No.-3906-1, bulk 
loading coil consisting of #14 tinned copper 
wire spaced wire diameter, 2!2 inches in di- 
ameter, ten inches long. B, C—Three-inch di- 
ameter discs, se or %-inch thick, to 
which are cemented smaller discs to fit inside 
ends of A. D—Fiberglass rod, approximately 
¥% inches in diameter x 1112 to 12 inches long. 
E, F—3%4 x l-inch brass or aluminum, drilled and 
tapped as described in text, G—%4 x % x 2- 
inch, aluminum ar brass block, modified as 
shown. H—brass contact pin. I—small coil 
spring. J—12 x ‘4-inch brass rod. K—Y-inch 
shaft lock (Millen No. 10063). L—Outside plas- 
tic coil shield. M—Knob for adjusting rod. 


plastic 


Tuning the Antenna 


When the coil has been completed and in- 
stalled on the antenna, the resonant frequency 
of the system may be found by coupling a 
grid-dip oscillator to the antenna by means of 
a two turn link inserted between the base of 
the antenna and the frame of the car. When 
the resonant points are found for each band, 
the correct placement of the slider rod may 
be marked with spots of nail polish. 


The mobile whip mount is often clamped to the 

rear bumper of the automobile. Such a mounting 

requires no addtiional holes drilled in the body 
of the car. 
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"MORROW MB-560 XMTTR. 


Stable VFO directly calibrated 
for 80; 40, 20, 15 & 10M. 
Zero beat control. 6146 am- 
plifier; Pi-network output. 
Push-pull Class ABI Modula- 
tors with negative peak clip- 
Ping. Fully metered. Only 


m0 | 10. 33 4’ high. Operates on 6 or 
ah n y 12 V. Requires 300-600 V 


per mo. at 200 ma & 250 V at 75 
m 


PERSONALIZED “SERVICE 
THE GONSET G- 66. 


a. it 
s Six band receiver including broad- U 

2 MBR-5 Receiver ; cast. For fone, CW & SSB. Dual # 
13 tube dual conversion conversion: 2050 KC Ist IF for high Ru: 
superheterodyne. More than free 


image rejection. 265 KC 2nd JF 
with 8 high Q tuned cicuits. BFO 
with 8 high Q tuned circuits. VFO 
with VR & pitch control. Automatic 
noise’ limiter. Antenna’ trimmer. 
““S’? Meter. Fone jack with 6 & 
12 v pc, 115 V AC. Universal 


0 | Sil 4? power supply with built-in speaker. 
Salvastak n y e per mo. 4 
er es 


ne loner anc Fi 34 wR S HTN 3 Cash Price: (Inc. Power Surly, $209.45 
MULTI-ELMAC TRANS-CITER AF-67 [= ieee 


Bandswitching 160 - 10 M. 
Emission A-1 NBFM or A-3. 
VFO or crystal operation. 5S 
circuit meter switch. 60 
watts input to plate of final 


1if2 M V sensitivity. 100 KC 
crystal calibrator. Top SSB 


‘S Only $12. 2A Ber £°eH recention” woe tm 
Cash Price 
MB- eee $189.50 MBR-5: $224.50 


f£ 3 sty Shalev oh 7 ait 
WRL'S OWN GLOBE SCOUT 65A ae 


Transmits on 10-160M amateur 
bands. Metering provided. Pi Net- 
work antenna tuner. Self-contaized 
Power supply. Provisions for dynae L 


moter attachment. 100% modula- bis 
Cadae tube (6146) max. Co-ax Con- tion of Final. TVi-screened. Com- C, 
ae : e . pact: 8''x16''’x8’’, 
; nector & universal Pi match- '¢ 
: Only $9. 65 ' ing network. For use wher- Cy 
: per mo. ever an all-band VFO Xmttr. 
___. Cash Price: $177.00 is required. Cash Price: Saad 95 yx 
i 6$ 
é < 4 & ub 
: N ; 7 Ry BFE, 3 g Z . 3 a H fé nce Bt spain 
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i HARVEY-WELLS T-90 XMTTR. B Bgteteealid 


iceman 90 watts CW, 75 watts phone, 
Completely bandswitching. TVI 
suppressed. VFO tuning with- 
out carrier on. Antenna load- 
ing flexibility. VFO. voltage 
regulated and temperature com- 
pensated. Built-in provision for 
carbon or hi-impedance micro- 
phone and push-to-talk. 


Only $9.78 Per mo. 


Cash price: $179.50 
R-9 RECEIVER 


Double conversion on all bands. 
Three tuned circuits on each 
band, in RF _ section. Band- 
width: 4 ke. at the 6 db point. 
Complete with tubes & built-in 


AC power suply. 6’’ dial spread 
n y e on all bands. Compact. 


per mo. Cash price: $160.50 
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Mobile 
Test Equipment 


Certain pieces of test equipment are an ab- 
solute necessity for efficient mobile operation. 
Others are handy auxiliary aids that make 
mobile operation a pleasure, rather than a 
frustrating experience. The purpose of this 
chapter is to describe pieces of test equipment 
that are eminently suited to mobile work, and 
to show how they may be used in the most 
effective manner. 


the Grid Dip 


Oscillator 


The grid dip oscillator, or “grid dipper” is 
a calibrated, low power oscillator equipped 
with a meter which indicates the oscillator 
activity. When this oscillator is coupled to a 
circuit which is capable of absorbing r-f power 
from the oscillator, the activity of the oscillator 
will decrease. If the load circuit is tuned, it 
will accept power more readily at the particu- 
lar frequency where it is resonant. If the grid 
dipper is coupled to a non-resonant type of 
load (such as a low inductance link feeding 
a pure resistance) power will be accepted by 
the load over a wide range of frequencies, and 
the effect on the oscillator will be a general 
reduction of the meter reading of the dipper 
regardless of the frequency to which the grid 
dipper is tuned. If, on the other hand, the grid 
dipper is coupled to a low-loss parallel tuned 
L/C circuit power will be absorbed most effi- 
ciently at the resonant frequency of the tuned 
load circuit, and a well defined dip in the oscil- 
lator grid current will be noted as the grid 
dipper is tuned across this frequency. The 
higher the Q of the coupled circuit, the sharper 
the dip will be. 

Mobile whip antennas are high Q circuits, 


the loaded’antennas for 80 and 40 meters hav-' 


ing extremely high Q. To check the resonant 
frequencies of these high Q antennas using a 
grid dipper is an exacting task, since it is often 
hard to obtain a readable dip on the meter. 
For best results, the feedline should be removed 
from the antenna, and the base of the loaded 
whip should be grounded through a one-turn 
link coil, and the dipper closely coupled to 
this coil. A three-turn coil should be used for 
80 meters. The dipper should be slowly tuned 
across the whip frequency, and the meter 
watched for a short, sharp kick as the resonant 
frequency is passed. The resonance frequency 
should be approached from both the high fre- 
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quency and low frequency sides of resonance, — 
as often the meter kick is more pronounced — 


as resonance is approached from one particular 
side. 


When the resonance point has been found, — 


the coupling between the dipper and the link 
should be decreased until there is a barely dis- 


cernible kick as the grid dipper is tuned through 
resonance. A series of resonance readings 
should now be made, logging the exact fre- 
quency of the dipper with the aid of a fre- 
quency meter or an accurately calibrated re- 
ceiver. If ten accurate and separate readings 
are made, and the average of these readings 
taken, the resonance frequency of an 80-meter 


DIPPER USING 
O-1MA METER 


Cz 
400 ppd 


DIPPER USING 
6ES MAGIC EYE 
TUBE 


C2 
400 pytd . 


B-A- At Bt 


plug P-303CCT. 


Ci—50 uufd., Bud 


MC-1853. R!—100,000 ohm, !/w, 
C2—100 umufd., silver R2—4700 ohms, !/ow. 
mica. R3—1000-ohm 
C3, C4, C5, C6— potentiometer. 
0.00! ufd., ceramicon R4—5.0 megohms, '/ow. 
Erie 801-001. R5, RE—1.0 megohm, 
J!—Jack, open circuit. Vow, 
Pi—Socket Cinch- Dial—National AM, 
Jones, S-303RP and scale #2. 


Fig. 1. Two versions of a simple inexpensive 
grid dipper covering the range of 2.8 to 35 
megacycles. 


loaded whip can be read to about 5 kilocycles. 

Since the average pass band of an 80-meter 
loaded whip is of the order of perhaps 20 kilo- 
cycles, it can be seen that great care should be 
taken when determining the frequency of the 
antenna by the use of a grid dip oscillator. 

On the higher frequency bands the problem 
is less acute. The Q of the antenna system is 
lower, the whip has a broader frequency re- 
sponse and the grid dipper will therefore in- 
dicate a broader, easier to read null. 


Construction of a 
Simple Grid Dip Oscillator 

A simple, inexpensive grid dipper is illus- 
trated in Fig. 1. This dipper covers the range 
of 2.8-35 Mc., covering all mobile frequencies 
up through the 10-meter band. 

A single 6C4 is used as an electron coupled 
oscillator, using a 0-1 milliammeter in the grid 
circuit as a resonance indicator. A 6E5 elec- 
tron eye tube may be used as an inexpensive 
substitute for the meter, if desired. 

The grid dipper should be built up in a small 
shielded box (Bud Minibox), with the grid dip- 
per coil socket mounted on the rear of the 
box on %” metal spacers. Spacing the coil 
away from the box in this way allows the coil 
of the dipper to be brought closer to the testing 
circuits before the box of the dipper gets in the 
way. The two leads from the coil to the grid 
and cathode of the 6C4 are brought through a 
14” hole drilled directly beneath the coil socket. 
The ground end of the coil is connected to the 
bolt that holds the coil socket. 

Cl is mounted directly in front of the coil 
socket, and coupled to the National AM dial 
by means of a shaft coupler and a short length 
of %4” brass rod. The 6C4 tube socket is 
mounted in front of CJ, on a small angle 
bracket cut from scrap aluminum. Pin 4 of the 
6C4 is grounded, and C3 connects between 
pins I and 4. C2 connects between pin 6 and 
the stator of C/, and R/ connects from pin 6 


of the 6C4 socket to an insulated tie point. 


_ device. Condenser C6 is mounted on the back . 


C4 connects from this tie point to the ground. 
C5 connects from pin 3 to pin 4 of the socket. 
R2 is attached to pin J, and the opposite end 
goes to an insulated tie point. 

Sensitivity control R3 is mounted on the side 
of the box, as is JJ. Any 0-1 ma. d-c meter 
may be plugged into JJ to act as an indicating 


of Pl, from pin 3 to pin 1. Pin I is grounded. 

The grid dipper requires 6.3 volts at 0.15 
amperes a-c or d-c for the filament, and 90 
to 250 volts d-c at 5 milliamperes for the plate 


supply. This power may be “borrowed” from 


the converter power receptacle on the car re- 
ceiver, Or a Separate power supply, such as 
shown in Fig. 2 may be used. 

If a 6ES electron eye tube is incorporated in 
the dipper, the filament drain is increased to 


0.5 amperes. The plate current drain will then 
_ be 7 milliamperes. 


Cl—G2——dwal20/20 
ufd.; Sprague TVA- 
2730: 

F—fuse, | amp., 3AG. 

R1, R2—3000 ohms, 

10 watt, wirewound. 

R3—100,000 ohms, Iw. 


Sof 


Sol—Jones, socket, 
$303-RP. 

Swl—S.p.s.t. switch, 

TI—120v. at 50 ma., 
6.3v. at 2.0 amp., 
Merit P-3045. 


Fig. 2. Power supply for the dipper shown in 
Fig. 1. 
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: 
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C4 
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Fig. 3. Suggested mechanical layout of the 
inexpensive grid dipper described in the text. 


12.6 - 22 Mc 


20-33 Mc 


ae 2.8 - 4.9 Mc 

eo TAP 4 TURN FROM GROUND | 
TAP 4 TURN FROM GROUND 
TAP 3/4 TURN FROM GROUND 


5 TURNS #22 E SPACED 4/2" OVERALL 
TAP 3/4 TURN FROM GROUND 


242 TURNS *24 E 


43 TURNS *24 £ 


63/4 TURNS *22 £ 


NOTE - ALL COILS WOUND ON 13/3 DIA FORM (ICA *2/58) : 
ADJUST SPACING OF TURNS ON COIL 5 TO RESONATE 
AT 20Mc¢ WITH C1 FULLY MESHED : 


Coil Data for the circuits shown in Fig. Te: 
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This is the method of coupling a grid dipper to 

a mobile antenna to find the resonant point. 

Details on grid dipper utilization appeared in 
the January, 1953 issue of CQ. 


A suggested mechanical layout for the dip- 
per is shown in Fig. 3. 

When the dipper is completed, it should be 
checked and calibrated against an accurate 
frequency meter or receiver. 

For additional information on the general 
operation and use of grid dippers, refer to the 
January, 1953, issue of CQ Magazine. 


the 


Antennascope 


The Antennascope, designed by W2AEF and 
described in the June, 1954, issue of CO Mag- 
azine, is a modified bridge circuit that will 
measure the resistive impedance of an antenna. 
It is invaluable in adjusting mobile whip an- 
tennas. 

The Antennascope is connected between a 
suitable r-f source such as a grid dipper, and 
the antenna to be measured. One side of the 
t-£ bridge of the Antennascope is a potentiom- 
eter that is calibrated in ohms. When the 
bridge is balanced, and this potentiometer is 
set for a null reading, the resonant frequency 
of the antenna may be determined from the 
grid dipper, and the radiation resistance of the 
antenna may be read directly from the cali- 
brated potentiometer on the Antennascope. 

As usual in bridge circuits, the variable ele- 
ment (RJ) is adjusted until a zero null is ob- 
tained on the indicating device (detector). By 
means of the calibrated setting of RJ, the 
value of the unknown element, Rx, is found. 
Since the ratio arms RJ, R2, and R3 are resis- 
tive elements, the unknown Rx must also be 
resistive, Or non-reactive, before an accurate 
balance can be obtained. The configuration of 
this simple bridge is shown in Figure 6. The 
schematic of the Antennascope may be seen 
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in Figure 7. : 

The impedance presented by any antenna 1s 
resistive only at resonance. The bridge in the 
Antennascope cannot be brought to balance 
until the r-f generator is tuned to the resonant 
frequency of the antenna under test. Thus, 
the Antennascope also provides a foolproof 
method of quickly and accurately determining 
the resonant point of any antenna. It is the 
working out of these two problems; i.e, radia- 
tion resistance and resonance, wherein the con- 
structor will find the greatest value of the 
Antennascope. 

The useful range of the Antennascope is 
from 5 through 500 ohms. In the original 
unit this was covered by a single scale which 
resulted in those readings below 100 ohms 
being crowded. In this new improved model 
two scales have been provided. A “high” scale 
(Rla) with readings of good visibility from 
50 to SOO ohms. A “low” scale (RJ) with 
good readings of from 10 to 100 ohms. Values 
between O and 10 ohms, and 500 to 1000 ohms 
may be read through the use of external resis- 
tors. 

The Antennascope is designed to be used 
with a grid dipper as the r-f generating source. 


Construction 


In the wiring schematic of the Antennascope 
(Fig. 7) the only real critical components are 
RI and Rla. Crystal sensitivity is also impor- 
tant and is discussed later on in this text. 

From an ideal aspect, RJ and Rla should be 
perfect non-reactive resistors, thus any-old- 
type potentiometer of the proper value will not 
work in this spot. Each potentiometer that we 
have has been measured and has some internal 
inductance and capacitance. Too much of either 
of these items will seriously inhibit the 
use of the Antennascope on the higher fre- 
quencies. 

The original model of the Antennascope em- 
ployed a Centralab Type M composition po- 
tentiometer. Unfortunately, this control is not 
available on the general amateur market, al- 
though some companies have obtained a quan- 
tity on special orders. During the development 
of the Antennascope we tried dozens of sub- 
stitutes to find a suitable replacement. The 
next best thing to the Centralab potentiometer 


Fig. 6. Fundamental bridge circuit. This is the 


basic idea of the Antennascope-54. Balance of 
the bridge is indicated by a null, or zero reading 


on the meter. 


Al te 


has it 
in stock! 


RES 


we stock everything 
for mobile operation 


Look to us for all your mobile gear needs. 
Whether it’s a tube of anti-static powder 
or a complete mobile installation, we’ve 
got it in stock for immediate shipment. 
Having all the gear all the time and back- 
ing you with heads-up ham-to-ham service 
is our business. 


we're trading high: Try us— get top-dollar 
trade-ins. Select the gear you want from 
our catalog—tell us what you have to 
trade—and we’ll give you the best deal 
you can make anywhere. 


easiest terms: Buy the easy way—only 
10% down or your trade-in as down pay- 
ment. 


reconditioned gear buys: We’ve got hun- 
dreds of outstanding buys in top quality 
reconditioned gear. Ask for our money- 
saving lists featuring special values in 
mobile equipment. 


ALLIED RADIO 
100 N. Western Ave., Chicago 80, III. 


pea te : 
: n 


The Leading Amateur Supply House 


ALLIED § 


_— Ft 


you'll find it in 
the complete, up-to-date 
ALLIED CATALOG 


frees the world’s most 
widely used Amateur and 
Electronic Equipment Guide 


— 
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Fig. 7. Wiring schematic of the Antennascope-54. 

In this model a range switch, Swl, has been 

added. A jack, JI, is placed in series with the 

meter: although it is essentially unnecessary. 

Some constructors will find it useful for making 

readings somewhat removed from the actual 
position of the instrument. 


is the Allen-Bradley Type J, followed rather 
closely by the Ohmite Type AB. Either of 
these controls may be used for entirely satis- 
‘factory results within the useful frequency 
range of this instrument. 

Before a potentiometer is soldered into this 
circuit it should be checked with an ohm- 
meter. Temporarily mount it with a scale so 
that the presence of backlash may be ascer- 
tained. Rotate the arm back and forth and 
note whether or not the identical ohmmeter 
readings occur at the same scale reading when 


The Antennascope is an important 
addition to every Ham station. It 
may be used to measure the resis- 
tive impedance of mobile antennas 
in the range of 5 to 500 ohms. 
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approached from either clockwise or counter- 
clockwise rotation. In some controls the car- 
bon contact in the slider arm may be loose. 


. 


It can be tightened by crimping the mounting 
clip. 
The range switch, Sw1, which is a new fea- 
ture in the Antennascope, must be of the small 
slide type. Toggle and wafer switches cannot 
be used here. 

Resistors R2 and R3 must be identical val- 
ues and although shown in Fig. 7 as having a 
value of 200 ohms, they can be anything from 
50 to 200 ohms—as long as they are identical. 
Another word of caution: Do not make the 
mistake of using the wire-wound resistor that 
physically look like their carbon brothers. 

Condensers C1 and C2 must also be matched 
to identical values between 500 and 1000 ppfd. 
The button type ceramics (Centralab ZA-751, 
for éxample), are ideal for maintaining low 
inductance in their corresponding bridge arms. 
It is possible to use mica, disc or tubular 
ceramics in the Antennascope if the instru- 
ment will never be used above 30 Mc. 


Crystal Diodes 


The design of the original Antennascope was 
predicated on the use of the 1N23A diode. 
Since that time the stability and sensitivity of 
that diode have been improved (1N23B) and 
a greater number of crystal diodes are now 
on the market for use on UHF-TV. Some of 
these are cheaper than the 1N23 series, and 
have the additional facility of being easily 
mounted. 

The comparative sensitivities of these diodes 
in the Antennascope circuit are as follows: 


PN 23B oe 100% (Sylvania) 
TN DSN oe 95% _ (Sylvania) 
GEA ae 93% (General Electric) 
TNS S22 ore: 65% (Sylvania) 


fe 


MULTI- 
Here’s the 


A. Antenna. Durable Fiberglass 54” top section—$5.75, 
and sturdy 36” metal base. section—$4.95. 

(If you prefer base loading—90” Fiberglass whip—$6.95) 
FREE! Your choice of the above with purchase of B. 

B. Sherrick low-loss plug-in loading coil system. The 
most efficient way—a separate coil for each band, peaked 
for top performance. The most convenient — each coil 
snaps in or out of the heavy silver-plated clips. 
Attractive, streamlined, crystal-clear plastic housing 
only 3" x 842", enhances the appearance of any car. 
Complete with high-efficiency coils for 80,40,20 shorting 
bar for 10, and full instructions. $22.50 

C. The best body mount Master makes! Heavy duty 
stainless steel spring. Shielded coax connector. New 
type adjusts to any angle. $15.95 

(Coax connector 76¢) 

D. Master Matcher. Mounts inside trunk, near antenna. 
Field Strength meter and switch in small dash unit lets 
you peak tune antenna system to any spot in the band, 
by remote control. $24.95 

E. Master Micro-Z-Match. The solution to the biggest 
power-wasting problem—it perfectly matches the radia- 
tion system to the impedance of the coaxial cable. $7.95 
(T coax fitting—$1.88) 

3 coaxial cable. Fresh, low loss RG-8/U. 25 foot coil— 


- Coaxial antenna changeover relay, with push-to-talk 
auxiliary contacts to quiet receiver, transfer power to 
xmitter, and chop ‘‘yoop.’’ $12.38 
H. The new, better-than-ever Multi-Elmac PMR-7 Commu- 
nications receiver! 10 tube, dual conversion, adjustable 
squelch to cut out stand-by and tuning noise, tempera- 
ture and voltage compensated, controlled injection BFO 
for SSB, ANL, etc.—all in a 412” x 7" x 914" cabinet! 
So much better sensitivity, signal-to-noise ratio, and 
selectivity than many fixed station receivers that lots 
of the gang are using the PMR-7 in the shack. All ham 
bands, 10 thru 160, PLUS full standard broadcast: band. 
(Buy your car without radio, and save!) $159.00 
(115 Volt AC power supply with S$ meter—$47.00) 


HARRISON IS 
MOBILE HQ! 


TREMENDOUS STOCK 
OF ALL MAKES AND 
MODELS—FOR FASTEST 
DELIVERY TO ANY PART 
OF THE WORLD! 


i 
G? 


“Dream Rig” — 
ELMAC for the most fun per mile! 


ARRISON 


Ham Headquarters Since 1925 


225 Greenwich Street 
New York 7, N. Y. 


PHONE ORDERS - BARCLAY 7.7777 
JAMAICA STORE Hillside Ave. at 145 St. 


~socrisp audio ‘‘punch’’ 
~~ humidity. High impedance. Relay controlling push-to-talk 


Idle time at the wheel, on business or 
pleasure trips, or just driving back and 
forth to work, is the perfect time for 
the busy man to get in his hamming. 


Let me help you get the right equipment 
and everything needed to complete a top 
performing installation that will give you 
plenty of pleasurable QSO’s. 


73 
Gel, w2ava 
1. Sturdy PM dynamic loudspeaker in midget cabinet 
4” x 4" x 2", designed to mount near driver’s head, so 


you can QSO without waking the baby! $7.45 
(Or, use the car radio speaker—n/c) 


J. Multi-Elmac power supply for receiver (and for trans- 
mitter oscillator—to ‘‘zero in’’ on a received signal). 
Voltage regulated output, connections for S meter, com- 
pletely filtered. Power cable plugs right into socket on 
PMR-7. Works on 6 or 12 volts DC without rewiring. 
Only 414" x 942" x 91/"—PSR-612—$34.00. 

(S meter, in cabinet—$16.50) 


K. Three transmitters for the price of one! Tops as a 
mobile, FB as a field CW or phone job with a healthy 
60 watt sock, or at home in the shack driving a high 
power final! That’s the Multi-Elmac world famous AF-67. 
VFO or crystal-controlled, all bandswitch, 10 thru 160. 
Plenty of dependable performance packed into 7” x 
1114” x.812"! : 

One plug for all power and control connections, with 


aunpers for automatic conversion to 6, 12, or AC opera- 
tion. 


$177.00 
(115 Volt AC Power Supply—$49.50) 


L. Dynamotor Supply. Only Harrison brings you this ex- 
ceptional value in a complete 12 volt supply. Built-in 
starting relay, RF hash filters, choke and oil capacitor 
audio filters, fuses, etc. Only 6” high, with latching 
mounting plate 512” x 812". Made for U.S. Navy, con- 
servatively rated to deliver 425 volts at 163 ma, you can 


draw a lot more in amateur intermittent service. 


Brand new, with connector plug. RO-14—$29.95 


M. This top-quality Shure police hand microphone has 
and is impervious to heat and 


button. With dash mounting bracket $18.81 


*« (Shielded 3 way plug—$1.17) 
“N. ‘“Foot-to-talk’’ switch. Mount this on floor, and con- 


trole entire rig without taking hands from wheel. $2.50 


Fe 0. Heavy dynamotor cable. 10 feet for $2.28 


YOU CAN START 
ENJOYING THIS 


‘‘DREAM RIG” 
FOR AS LITTLE AS 
$39.95 DOWN 
ORDER TODAY! 


Complete, detailed diagram, showin 
every exact connection, given FRE 
with each PMR-7 or AF-67. 
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MICROPHONES 


= a- \ from SHACK 
to CAR! 


d lnc thershaekc 6 


This sturdy Controlled Reluc- 
tance unit is designed to 
handle the most severe 
requirements of amateur 
broadcasting, paging, and 
dispatching systems. It pro- 


vides high speech intelligi- Fig. 9. Wiring view of the Antennascope-54. 
bility, makes your messages The layout should be followed as closely as 
instantly understood. possible. 


The ‘'Dispatcher’’ has 
List Price $38.50 a 2-conductor shielded i 
ist Price 938. cablelandis wirede oper, Diode types 1N34 and CK 710 work poorly 


ate both microphone and relay circuits. Firm downward in this circuit. . : 
pressure on the grip-bar locks the switch. The “Dispatcher” Since the Antennascope is to be used with 


is immune to severe conditions of heat and humidity. Output aTeyery low power r-f source, such as a grid- 
is 52.5 db below one volt per microbar. High impedance. dipper, the eventual sensitivity will also de- 
pte ny aa eee pend upon the meter used in the Antennascope. 

ae A full-scale movement of 200 micro-amperes 
is recommended, with an internal meter re- 
sistance of 1000 ohms. 


Model 520SL 


In the Car... b 


The ‘'Ranger”’ controlled 
reluctance microphone is 
ideal wherever a rugged, 
hand-held microphone is 
needed to provide high 
speech intelligibility. In 
addition to its use in mobile 
equipment, the 'Ranger”’ is 
recommended for outdoor 
public address and other 
applications where long lines 
are involved. It fits snugly in 
the palm of the hand, and has a heavy-duty switch for 
push-to-talk operation, Furnished with 5 feet of shielded 
cable. Cast metal case. Frequency response 100-9,000 cps. 


Output Level 


41.0 db below 1 milliwatt | 150-250 
per 10 microbar signal ohms 


‘"Ranger”’ 


List Price 


$32.00 


50.5 db below 1 volt 
per microbar 


SHURE BROTHERS, Inc. 


Microphones and Electronic Components 


High $32.00 


j 
222 Hartrey Avenue Evanston, Illinois Bi 
Cable Address: SHUREMICRO Photo views of the Antennascope-54. i 
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Mechanical Details 


An “exploded” view of the Antennascope 
is seen in Figure 9. The unit is assembled in a 


cable goes directly to RJ and Rla. 

The connecting leads to the various com- 
ponents in the bridge arms must be made as 
Short as possible to minimize inductance and 


Bud CU-2105 Minibox (3”x4”’x5”). An inner 


to prevent stray coupling. 


Minimum lead 


shield and shelf (B) is folded and drilled out 
as shown in Figure 10. The Minibox is also 
drilled and cut out as shown in this drawing. 
Note the irregular cut-out in the left-hand view 
(A) which clears the binding posts (Rx) and 
the range switch, Sw/. 

The terminals for Rx are mounted on a piece 
of lucite (see part E of Figure 10) which in 
turn is mounted over the cutout in the top of 
the Minibox. The range switch is also mounted 
here to reduce any stray capacitance effects 
between elements of the switch and the box. 

Controls R/ and R/a are then mounted di- 
rectly under the Rx terminals on a 14-inch 
thick piece of lucite. The insulating section is 
cut and drilled out as shown in part C of Fig. 
10. The constructor must then drill two %4- 
inch diameter holes in the front panel of the 
box to permit the shafts of RJ and RJa to pass 
through without making contact with the box 
frame. Use extension couplings if the original 
shafts are not long enough. 

The terminals for the r-f generator input a a5 
are mounted at the bottom of the box. The GND HOT 
“hot” lead is connected to a short length of RF GEN. 
RG59/U which passes through the hole in the 
inner shield. The other end of the coaxial 


Wiring view and layout. 


KE-93 


Small, highly efficcent, 
full fledged, 12 tube 
all-band or fixed station 
mobile recezver. 


Extreme stability under shock and vibration, wide 1650 KC 
3500 KC 
Band #3 3500 to 4030 KC 
Band #4 6990 to 7310 KC 
Band $5 13970 to 14360 KC 
Band #6 20990 to 21450 KC 


Band #7 27950 to 30000 KC 


550 to 
1650 to 


Band #1 


temperature excursions and wide power source volt- Band #2 


age excursions. Fully capable of mobile in-motion 
side band reception on all bands. Full automatic 
noise SILENCER (not a limiter). Also effective 


sharp cut-off squelch circuit. 


Write for descriptive literature 


Watch for announcement of our new 


ee ar ademitter PIERSON-HOLT ELECTRONICS 
—REVOLUTIONARY! 2308 W. WASHINGTON BLYD., VENICE, CALIF. 
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NOTE-HOLE DIAMETERS AS REQUIRED 


Fig. 10. Minibox, shield and mounting bracket 
layouts and drilling dimensions. 


length is especially important for the connec- 
tions between the potentiometers and the 
range switch, and between the “hot” Rx termi- 
nal and the switch. For these reasons, R/ and 
Ria are positioned and mounted so that their 
terminals may be soldered almost directly to 
the switch tabs. The tab from the sliding arm 
of the switch is connected directly to a lug at 
the bottom of the hot Rx terminal. 

The crystal diode shown in the unit in these 
photographs is a G.E. G7A. It is mounted in 
place with its own wire leads. 

The various numbered figures and photo- 
graphs in this article should clearly illustrate 
the wiring. 


Calibration is Easy 


The first step in calibrating the Antenna- 
scope is to attach an accurate ohmmeter be- 
tween the “hot” Rx terminal and the “hot” 
r-f generator input terminal. Place the range 
switch to the left to engage RJ for the 10 to 
100-ohm range. Mark out your scale on the 
face of the base (the design of which is left 
to the individual) and divide it into steps of 
from 2 to 5 ohms. 

Now slide the switch to the right to engage 
the higher range and sub-divide the scale into 
steps of 25 to 50 ohms. Don’t be startled to 
find that the potentiometers increase their re- 
sistances in opposite directions. Remember 
that RJ, because of this mechanical layout, 
must be turned counter-clockwise and Rla 
must be turned in a clockwise direction. 

It should now be possible to verify these 
calibration points through a facsimile of an 
actual r-f measurement. First couple the r-f 
input of the Antennascope to your grid dip- 
per coil and put a 50-ohm resistor across Rx. 

Use a frequency from the grid dipper of 
about 20 Mc., and while it is oscillating put 
the range switch on the “low” scale and see if 
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MAT é LUCITE 


CASE DETAIL 


MAT- MINI-BOX 


2 


B 
INNER SHIELD 
MAT- a ALUMINUM 


te yee gale 


MOBILE 
COMPANIONS — 


Perfectly matched in appearance and performance, 
Morrow's MBR-5 and MB-560 make a terrific combi- 
nation for mobile operation! 


MBR-5 RECEIVER. Exceptionally stable, extremely 
sensitive. 13 tubes with 20-tube performance. 100 ke 
crystal calibration; dual conversion; noise-balanced 
squelch; SSB, CW and AM reception. 80, 40, 20, 15, 
10 meters. Amateur net, $224.50, less power 
supply. 


MB-560 TRANSMITTER. “‘M talk for if 
MATCHED ACCESSORY EQUIPMENT —— ac crysct vio en 8095, 0, 26,15 aed 10 
meters. 65 watts to a 6146, gang tuning, shielded 
exciter, zero-beat control, full metering, built-in 


RVP-250 POWER SUPPLY. Mobile vibrator pack 


for MBR-5 and exciter of MB-560......... $39.50 relay, pi-network output. Amateur nef; $214.50, 
SH-7 SPEAKER. 5” x7” in a sturdy hammertone less power supply. 

Co Sk 6 er er $11.50 

MLV-50 INDUCTOR. Motor-driven remote tuning 

TR ete ele nes Setls Nereis oa ee $24.95 

FS-1 FIELD STRENGTH METER. Measures field 

NNER ee Seg os wa wis «bowie be ec $19.50 2794 Market Street * Salem, Oregon 


801 Dominion Bldg., Vancouver, B, C. 


All prices amateur net Prices and specs. subject to change without notice 


BARGAINS in QUALITY CRYSTALS 
BY MANUFACTURER 


AMATEUR BAND CRYSTALS SSB FILTER CRYSTALS 
All in standard: FT 243 holders NEW SURPLUS e@ PLATED TYPE 
1500 KC to 2000 KC.__._..... $2.00 each 54th and 72nd harmonic types in FT241A holders 


All Channels 370 KC to 534 KC (except 500 KC) 


2001 KC to 8800 KC... $1.25 each HAG aston 
8801 KC to 9005 KC......... $1.50 each MO RG ea ee eae oe $1.25 
9006 KC to 11000 KC... >. ...$2,00 each ’ Add 5¢ per crystal postage 
Choose Any Kilocycle from the Above , “IMPEDACOUPLER” 
Bae EXACT seccifion trcoucnsy eed | BACK ON 
THE MARKET 


NONE OF THE ABOVE ARE SURPLUS CRYSTALS— 
BUT MAY BE IN SURPLUS HOLDERS 


The ideal line connector for coax fed antennas. Weath- 
erproof—Stain proof—constant impedance. Takes stand- 
WE PAY POSTAGE ON THE ABOVE CRYSTALS ard coax connector. Amateur net postpaid................ $4.95 


FREQUENCY STANDARD CRYSTALS 
100 KC or 1000 KC Glass enclosed types. No surplus. Excellent Temp. Coeff. $4.50 ea.—5 for $20.00 


MINIMUM ORDER $2.00 . NO=C.0.Dis. 


Same Day Service! Satisfaction Guaranteed or Your Money Back! 


CRYSTALS INCORPORATED  (°. 
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600vV; 60 


OV 


B- 
IS» 
(SEE TEXT) es 7 Fn na roar 
2004 
440V L'a 
CliLC2--4 aid. RFECI, RFC2—1.0 mh., 
&00wy. sip, oMiller: 4534: 
G3.G4 C5000 loud. Ry !1—S.p.d.t. relay, 
ceramicon. Advance 953B with 


6-volt d-c coil. 
TI—(300-volt, 150-ma 
-output) use Stancor 
PC8411. (400-volt, 
200-ma output} use 
UTC S40 or S43. 


Chl, Ch2—10 henries, 
900! ma. WIG o-29. 

Pi—pilot light 
assembly, Johnson 
147-500. 

R!—50,000 ohms, 
25 watts. 


Fig. 13. Wiring schematic and parts list of the 
test bench mobile power supply. 


the 50-ohm value is being read. Move to the 
“high” scale and repeat to see if 50 ohms is 
also being read there. Rotate each control 
several times to find a scale value, and see if 
backlash is absent—it should be. 

The readings should result in pronounced 
nulls on the meter. If only partial nulls other 
than absolute zero are observable, the Antenna- 
scope is not working properly. Check first 
with a different value of test resistor since the 
first one might have been reactive. It is im- 
portant to keep the leads very short during 
this test and that the resistor be non-reactive 
—oddly enough some are quite reactive. 

Once a null has been found with a given 
resistor you will find that lead length can upset 
the balance. The leads of your test resistor 
must also be very short. Do not parallel con- 
nect resistors for testing the Antennascope— 
use non-reactive 12-watt single resistors. 

Poor nulls can result from stray coupling 
effects in the Antennascope, but if the wiring 
and chassis layout is followed as shown in 
the figures this trouble should not arise. 


Mobile Antenna Measurements 


The feed-point impedance of parasitic arrays 
and low-frequency mobile antennas may be 
less than ten ohms. Although this low-impe- 
dance may be inverted through the use of a 
Y4-wave line, there is a simpler way of meas- 
uring it. 

Just connect a non-inductive resistor between 
the “hot” Rx terminal and the load. The meas- 
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ured impedance will be the load impedance, 
plus the added resistance. For example, if a 
50-ohm resistor is used and the Antennascope 
reads 54 ohms, the actual load resistance 1s 


~ four ohms. 


a Mobile 
Test Power Supply 


During testing and tune-up periods it is a 
great advantage to operate the mobile trans- 
mitter from 117 volts a-c, rather than from the 
6-volt car battery. The a-c operated power sup- 
ply described herewith is designed to take the 
place of the dynamotor or vibrator supply in 
the automobile during periods when testing 1s 
being done. This will have a great amount of 
wear and tear that would normally be inflicted 
on the car battery. 

Care must be taken to make sure that the a-c 
operated test supply conforms in output volt- 
age and current capacity to the dynamotor it 
replaces. The control circuits also must be so 
arranged that the test supply may be turned on 
and off by the usual transmitting switches and 
relays. This may be done by the addition of a 
6-volt d-c relay to the supply. This relay, Ry/J, 
makes and breaks the center tap of the high 
voltage supply. It is controlled by the “‘trans- 
mit” circuits in the car. 


In addition, the a-c supply must not upset 
the antenna balance by adding extra capacity 
between the automobile and the ground. Suit- 
able r-f isolation between the a-c line and the 
power supply must be provided for correct 
operation of the equipment. 

A supply that meets these requirements is 
shown in Fig. /3. The transformer TJ, is 
chosen so as to provide a d-c output voltage of 
300 or 400 volts. A two-section filter (CJ, C2, 
CHI, CH2) is used to reduce the ripple to a 
suitable level for phone operation. The d-c out- 


RECEIVER RECEIVER B+ 
RF TUBE Eg 


R4—5000 ohm, '/ow. 

R5—10,000-ohm 
potentiometer, 
Centralab B-14. 


RI—150,000 ohm, !/ow. 

R2—100,000-ohm 
potentiometer, 
Centralab B-40. 

R3—2000 ohm, !/ow. 


Fig. 14. The Basic S-meter circuit. 


MOBILE & FIXED 


STATION EQUIPMENT 


CONVERTERS 


FOR THE 
NC-300 


This is the same high quality crystal converter that 
has been so enthusiastically accepted by Hams, 
CAP and CD—those who consider high quality and 
top performance a must. The IF Output frequency 
range for this converter is either 14-19, 26-31 or 
30-35 mc for the new NC-300. Completely detailed 
literature is available on request. 


Model CC5-50 50 mc (6 meters) Any et 


Model CC5-144 144 mc (2. meters) 
Model CC5-220 220 mc (1.5 meters) $42.50 


TERRIFIC 
10.8 WATT 
TRANSMITTER 


This transmitter employs Hi-level plate modula- 
tion, has provisions for metering all stages, a RF 
output indicator and a tuned antenna output sys- 
tem to 52/72 ohm line. Power: 6.3 vac @ 4 amps, 
250 vdc @ 250 ma. Tubes: 6AU6 oscillator, 5763 
Multi/amp, 6360 Mult/amp, 6360 final amp, 12AX7 
speech amp and driver, 2—6AQ5 Modulators. Pwr. 
Imp. to final—20 Ww. 


Model TR 50 50 mc Any type 

Model TR 144 144 mc 

Model TR 220 220 mc Net $59.95 

Complete Tecraft line in stock at all three Hudson 
ALL fe stores. 


STANDARD 
BRAND 
HAM 
COMPONENTS 


AUTHORIZED : FACTORY DISTRIBUTORS 

RADIO & TELEVISION CORP. 
Adjoining Radio City Downtown NYC. New Jersey 

W. 48th St., 212 Fulton St., 35 William St., 

New York 36,N.Y. NewYork 7,N.Y. Newark 2 Ne! 

Circle 7-4907 Digby 9-1192 MArket 4-5154 


AVE on ALL SF WONDEROD 


ANTENNA 


@ made by the pioneer manufacturer 
of fiberglass fishing rods 
industrial applications solicited 
standard whips — 54” to 60”, $5.75 
61” to 90”, $6.95 
base extensions with .350” dia. — 
18, $3.95; 36”, $4.70 
with .500” dia. — 
18, $4.80; 27”, $5.48; 36”, $5.82 
32" — 24 thd. base fittings 


— prices amateur net 


GA COLUMBIA PRODUCTS CO. 


Subsidiary of Shakespeare Co. 
P.O. BOX 5207, COLUMBIA, S. C. 
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VA 
RECEIVER ca B+ 
RF TUBE B 
R4 


ge oat Ly yeees Ot 
1) R5 A 
OASOpa R3 
x 


COUPLE TO 


PA TANK 
Ale. CATH, c2 
R8 R9 R7 
CA 
CATH. | _ 
1N34 


PICKUP LOOP faa RG 


potentiometer, 
Centralab B-40. 
R3—2000 ohm, |/2w. 


CI—506 ppfd., Erie 
GP2K-501. 

C2—0.05 pfd., 200wv., 
Sprague 2TM-SS. 
Ji—open circuit jack. 
Li—one turn link near 

p-a tank coil. 
M1I—0-150 ua. d-c 
meter. 
RI—150,000 ohm, '/ow. 
R2—100,000-ohm 


R5—10,000-ohm 
potentiometer, 
Centralab B-I4. 

R6&—1000 ohm, '/ow. 

R7—82,000 ohm, !/ow. 

R9—10,000 ohm, '/ow. 

X1, X2—1N34 crystal 
diodes. 


Fig. 15. Complete S-meter, carrier level and 
indicator circuit for the “Crystal 
Ball’ designed by W2CVV. 


modulation 


put from the supply is controlled by relay Ry/. 
The high voltage output of the test supply may 
be connected directly to the transmitter high 
voltage connector by mzans of a matching re- 
ceptacle mounted on the test supply. 


The transmitter filaments may either be run 
from the 6.3-volt winding of the power trans- 
former, or may be left connected to the auto- 
mobile battery and run from the automobile 
electrical system. Since the filament drain of 
a transmitter is small compared to the dyna- 
motor drain, it will not hurt a well-charged 
battery to run the filaments of the transmitter 
for short testing periods. 


RFCI and RFC2 are placed in the 117-volt 
line to the test supply. These chokes isolate 
the r-f circuits of the mobile transmitter from 
the a-c line. They should be mounted in a 
small wooden box and placed in the line cord 
a few feet from the supply, so that when the 
supply is placed in the automobile, the chokes 
will hang in the air, a few inches below the 
automobile. They should not be allowed to 
touch either the car or the ground. 


While the cost of such a supply may make 
it uneconomical for a single mobile installation, 
it is a very worthwhile club project, where the 
cost of the supply may be divided among the 
members of the club. 
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R4, R8—5000 ohm, Vow. 


the 
“Crystal Ball’ 


The “Crystal Ball” is a combination S-meter, 
carrier meter and modulation level indicator. 
A device such as this that will give an indica- 
tion of whether or not the transmitter is on the 
air, if it is modulated and the degree of modu- 
lation can be of great value for mobile opera- 
tion, where the dynamotor whine or a single 
plate meter may be the only means of moni- 
toring transmissions. In addition, the Crystal 
Ball acts as a forward reading S-meter when 
the receiver is in operation. 


The Basic S-Meter Circuit 


A 0-150 microammeter acts as an indicator 
in a balanced bridge circuit, one leg of which 
is the plate resistance of an a-v-c controlled 
tube in the car receiver. The resistance values 
given with Fig. 15 are typical, and may need 
to be varied if the particular receiver in use 
has a different plate voltage, if the no signal 
cathode voltage of the a-v-c tube is different, 
or if a meter of different sensitivity is used. 
If any one of these parameters is appreciably 
varied from those specified, the new values of 
the resistors may be calculated as follows: 


1. Measure the a-v-c controlled tube cath- 
ode voltage (Ek) with no signal input 
to the receiver. 


2. Measure the plate voltage (Eb) to which 
RI is connected. 


RI+ SS ~ Eb x 1000 


R3 = "Ex L000 


RS Ek 
R4 + — = — x 1000 
2 Im 
(Im is the full scale current reading of 
the meter in milliamperes) 
The nearest standard resistor values may 


The “Crystal Ball’ installed on the dashboard 
within easy view of the operator. 


NEW VARIABLE 0 TO 6 & 12 VOLT/12 AMP 

DC Power Supply 
Battery Eliminator, Changer, Model RR, Plates 
Aircraft, Marine or any DC requirement. Extra 
Hyy. duty Selenium Rectifier, 2 meters V & A. 
Designed for cont. service & up to 20 amps inter- 


mittent overload. 
MODEL TG6I2VI2ZAC ou... cece eerste: 


NEW "'TABTRON" HEAVY DUTY BATTERY 
''East'' Charger Rectifier 


MOBILE BATTERY CHARGERS 
Fon Auto, Farm, Marine, Aviation 
PS140—2V/2A ... $5.95; PSI41—OV/2A ou... eeceeeeeereerreee seers 
PS143—6 8 [2V/5A ........0.0:..-.-ccescecsccnsccc pees sree eee 
NEW 'TABTRON' SELENIUM RECTIFIERS 
FULL WAVE BRIDGE 
Dated—One Year Guarantee 
18VAC/l4VDC—1 Amp $1.60; 2A $2.40; 3A $3.45; 
4A $4.25; 6A $5.10; 10A $7.50; 12A $9.20. 
36VAC/28VDC—1 Amp $2.70; 2A $3.40; 3A $4.75: 
4A $8.45; 6A $10.05; 10A $14.35; 12A $18.10. 


GONSET, NATIONAL, HALLICRAFTER, JOHNSON 
All Available to You) at Great Savings 
e @ GET OUR PRICE B-4-U-BUY @ @ 

WE BUY, SELL & TRADE AS WELL 


NEW "'TAB'’ MINIATURE METER 
0-1 Milliamp 


Precision Jeweled D’Arsouval Myt. Better than 
2% Accy. Readable long 11%” scale, 20 divisions, 
Rugged, well clamped, Bakelite cased, Front Sa. 
or Rear Round Face mtg. Mounts 144” hole, 4 
screws 114” ctrs. NOT SURPLUS. ee nee @ 


$3.85; 2/$7. Milliamp Shunts .. . Ea. 
TUBES—"TAB" TESTED & GUARANTEED 
0A2 74 6BH6 -50 12SK7 TOS 
0Z4 45 6BJ6 -65 RK60 2.75 
2C51 2.50 6C4 .35 807 1.19 
224 2.48 6C5 69 811 3.65 
2426 3.50 6CB6.- 50 815 3.98 
2E30 2.58 6CL6 1.65 829B 10.50 
4-65A 19.49 655 40 832A 5.49 
5V4 1.28 636 45 837 1.01 
6AGT7 1.14 6L6 90 1625 44 
6AK5 60 6SN7 55 1635 1.95 
6AL5 40 6U8 1.09 5654 1:72 
6AQ5 45 6V6 55 5763 1.59 
6AT6 40 6X5 45 6146 4.87 
6AV6 45 12AU7 50 6216 3.25 
6BE6 45 12AX7 55 9002 .96 


$ $ HAM BARGAIN BUYS $ $ 
NEW MINIATURE DIEHL PM MOTOR. Type 


#WD6-21, RPM 10,000/27.5 VDC—Excellent mtr. 

PGE CATI KCOOLIME cies, sueccaescecce ets toot @ $2.95; 3/$8.50 

HAMS, COOL THAT TUBE! Diehl! miniature mtr 

1s USES goalie a a Re Pe @ $3.95; 3/$11.50 


RELAY, Vacuum Sealed, Clare Seo Ont 4/6) 66 


| WRITE FOR BONUS BARGAIN CATALOGS | 
on 


MOBILEERS! Eliminate Power Wasting Vibrators, Dynamotors 
—Stop Driving a Car Full of Storage Batteries. GO HIGH- 
POWER! Parts for Highly Efficient Three Phase Mobile DC 
Power Supply. Provides Filtered DC with OUTPUTS: 750 v at 
400 ma, 250 v at 200 ma, BIAS—1I50 v & 24 vide for Relays. 
(See “CQ’’ Oct. 1955, p. 15) Operates from Leece-Neville 
Alternator. 

“TABTRON”’ KIT PARTS FOR “MOBIPAK’’® Special @ $54 
Ey ORT Voi Me eee aoc iorac dace ncecd aces onedteeseseabstsnereesVasteenanes @ $69 
PARTS ONLY—750 v at 400 ma & 250 v at 200 ma @ $44 
RECTIFIERS FOR ENTIRE ‘‘MOBIPAK’’® SUPPLY @ $19 


THOR ELECTRIC SPEED DRILLS 
2013 4%” Electric Speed Drili w/Jacobs chuck, 
2400 RPM/115v. with 9 Drills in case $14.95 
400J '/” Electric Speed Drill w/geared chuck, 


PUSS T8111, TU es eee ee ee oe $28.95 

CHROME VANADIUM SPEED DRILLS 
ELE SES ea CO GO Ce Viste as iarccs eset seladietacoeuel er chadhdbesdegvacecvosess $5.95 
29 PC. Set 1/16” to 14” by 64ths w/14” Shank...... ...........0.. $9.50 
Deemer td / 167 40 154”) with: Index... ic ciscs-seseoderspeaseecaessesbeeedes $1.98 
DMPO ELOUG LOT 160 5 Oe (SOL. os. cosavssaseovsbesetevescect-dasvsdossenseuntses $1.49 


TERMS: Money Back Gtd. (cost of 


6 a9 mdse. only). $5 min. order F.O.B. 
N.Y.C. Add shpg. charges or for 
C.0.D. 25% Dep. Tubes Gtd. via 
R-Exp. only. Prices shown are sub- 


ject to change. 
111 Liberty St., N.Y. 6, N.Y. RE 2-6245, Dept. CQM6 


SAME HIGH QUALITY 
NEW LOW PRICES! 


WARD 
COMMUNICATION 


ANTENNAS 


quality antennas for your 


mobile application . - 


Ward high-quality, heavy-duty mo- 
bile antennasare completely reliable 
with an unsurpassed field record 
of service. Prices new, reduced as 
much as 20%. 


q Antenna Masts 
Highest grade stainless steel—17-7 P.H. 
57” to 96” lengths. Model WCA-3B. 
Specify length. 


Heavy-Duty Antenna Base 
Any vertical position can be 
obtained from adjustable 
swivel ball design. Wrenches, 
ground and solder lugs in- 
cluded. Model WCA-3. 


Heavy-Duty Spring 
Bends 100° without 
damage. Heavy cadmi- 
um plating protects 
against rust and cor- 
rosion. Tightening 
wrenches supplied. 
Model WCA-3A. 


NEW, Roof Top Antenna p> 
Mounts from outside in 3%” 
hole. Small but rugeed. In- 
cludes 12-ft. RG-58A/U cable. 
Two models: WCA-250 for 2 
meter band and WCA-251 for 
420-450 me. 


> 


Ward also manufactures disguise an- 
tennas and ground plane antennas. Ask 
your supplier for new catalog, or 
write us. 


WAIR 


PRODUCTS CORPORATION 


DIVISION OF THE GABRIEL CO. 
1148 EUCLID AVENUE @ CLEVELAND 15, OHIO 
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be used, and the results will be well within 
the range of adjustment of R5. As a 
rough check, R5, with half its resistance 
in the circuit should form from one-quar- 
ter to one-half of the total resistance of 
each leg. 


3. With R5 set at mid-scale, and no signal 
being received, adjust R2 for zero read- 
ing on the meter. This occurs when the 
voltage at point A is the same as at Ek. 


4. Now tune in an S9 signal. 
have to decide what an S9 signal is!) 
Adjust R5 until the meter reads at the 
point which you wish to call S9. 


The Transmitter Monitoring Circuit 


When transmitting the plate voltage is usu- 
ally removed from the receiver and the S-meter 
reads zero, and is thus available for other func- 
tions. The addition of a pick-up loop, coupled 
to the transmitter output tank circuit and a 
crystal rectifier will allow the meter to indicate 
the relative output power of the transmitter. 
The complete circuit allowing these two sepa- 
rate functions to operate the meter independ- 
ently of each other is shown in Fig. 15. 

The S-meter circuit remains the same. Rf. 
from the transmitter tank is sampled by the 
pick-up loop and rectified by X/. The output 
of this portion of the circuit is d.c. varying in 
amplitude at an audio rate with modulation. 
R6 is included to protect the crystal from pos- 
sible overload and burn-out. It should be 
mounted near the crystal. A portion of the 
d-c output of XJ is fed directly to the meter 
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(You will - 


through R7. This will provide about scale 
deflection of the meter from the carrier only, as 
an indication of carrier level. The remainder 
of the d.c. from XJ is by-passed to ground by 
R8, but the audio components corresponding 
to modulation are rectified in X2 and impressed 
on the meter through R9, causing it to swing 
from its carrier level toward full scale with 
modulation. 

The constants shown in Fig. 15 are intended 
to produce approximately 1% scale deflection 
of the meter from the carrier, provided the 
coupling loop is so adjusted as to produce five 
volts of d.c. across R&. The meter will swing 
just about full scale under 100% voice modu- 
lation. If it is desired to reduce the modulation 
sensitivity, increasing the value of R9 will do 
it effectively. R7 may be varied to control the 
carrier sensitivity. 

A jack is included across the output of XJ. 
Plugging a pair of earphones in it will permit 
checking modulation quality. 

The pickup loop will have to be adjusted for 
each transmitter, but to give an idea of where 
to start, one turn about % inch from the “cold” 
end of the tank coil was found to be correct on 
both 4 Mc. and 29 Mc. with 40 watts input to 
the final amplifier. 

Make all adjustments with the transmitter 
fully loaded, since both the tank current and 
crystal current go up with no-load operation. 

Be sure the plate voltage is removed from 
the a-v-c controlled tube of the receiver and 
from the balancing network while transmitting, 
otherwise the S-meter current will be flowing 
through the meter during transmission monitor- 
ing periods. 


SOF 5 lini ed. 


model 
“NF 


Operate your mobile equipment 
from any AC outlet with 
Electro Battery Eliminators 


Electro DC power supplies are widely used 
in industry, the armed forces, police and 
fire departments, ambulance services, for 
operating and servicing all DC electronic 
equipment. All these units are filtered for 
minimum AC ripple. Heavy duty control 
transformers, large selenium rectifiers, and 
patented conduction cooling give 25% in- 
creased power ratings, lower cost per 
ampere. 


Electro Model “NF” Universal —0-28 volts 

up to 15 amps—less than 1% ripple at top load 
Continuously variable... intermittent loads 
up to 25 amps. Operates all equipment 
under almost any voltage input condition. 
Electro Model “’N” Universal—same specifi- 
cations except less than 5% ripple up to 
10 amps. 


Electro Model “B” Heavy Duty —6 volts 

up to 20 amps—less than 3% ripple at top load 

35 amps intermittent duty. Only unit in this 
range that withstands mobile transmitter 
loads. Two “B's” in parallel supply 40 
amps at 6 volts, operate fixed transmitters 
at big savings. 


Send for free bulletins! 


ELECTRO PRODUCTS LABORATORIES 
4501-MH Ravenswood Ave., Chicago 40, Ill. 
Canada: Atlas Radio Ltd., Toronto 


New models available for high power 
operation of 6 and 12-volt mobile equipment 


at low cost! 


NOW! Auteuna 


REMOTE 
TUNING 


MOBILE ANTENNA 


CHANGE BANDS 
WHILE DRIVING 


With this new simple-to-install 
369-75 AUTENNA mobile antenna you 
can bandswitch by remote con- 
Tie poles trol without leaving the wheel 
9° of your car. UR RCVR. and 
TRANS. are bandswitching — 

NOW your antenna! 


Autenna Tunes Amateur Bands 
75-40-20-15-10 Meters 


* Band Indicator (optional) Instantly 
identifies band the antenna is tuned 
to—no guessing! 


Positive Noise Free Silyer Plated Con- 
tacts 


* High Dielectric Center Support 


* Coil Wires Embedded in Polystyrene 
Rods 


Installed or Removed in Seconds with 
Kwik-On connectors for Trunk Storage 


¢ Designed for Transmitters with Pi-Net 
Final—Will Handle up to 100 Watts 


¢ Weather Resistant Finish 


¢ Factory Tuned—Tested—Guaranteed 


Designed for use with 60” 
whip. Complete with Control 
Switch, two Kwik-On connec- 
tors, Whip Flexor Spring and 
Indicator Network, Calibrated 
Meter Scale for 2’ 0-1 MA 
Meter. Meters available at 
additional cost. 


KWIK-ON B 
CONNECTOR 


Stainless Steel 


For Mobile Antennas 
(Pat. applied for) 


Connect or remove your anten- 
na in less than 5 seconds. No 
Tools Required. Positive lock— 
Will not corrode 


Autenna Masts with Kwik-On F 
ree eee connector also available Ane 


RAFRED ENTERPRISES 


Box 47725 Wagner Sta., Los Angeles 47, Cal. 


Calif. residents include state and applicable fecal sales tax, 
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The new James C-1450 power supply 
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power sources to completely supply 
your transmitter and receiver. The 
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SVR Ae te 


make your car, 
boat or plane a 


“rolling power plant’’ 
with 


INVERTERS 


for changing your 
storage battery 
current to A. C. 


Prouschold 


ELECTRICITY 


Angebot 


Plugs into . ; 
Cigarette Lighter in_your own car: 


Receptacle on Dash 2 


“and Power Applications 

$ ; | for Civil Defense, Red 
19: . Me: | Cross, Rescue Work, etc. 
AnD “= imply Using Extension 


LIST PRICE 
ATR INVERTERS... 


especially designed for operating 
standard 110 volt A. C.... 


e TAPE RECORDERS e DICTATING MACHINES 


e WIRE RECORDERS e ELECTRIC RAZORS 
@ RADIO SETS e TRANSMITTER SETS 


@ TEST EQUIPMENT 


See your jobber 


or write factory 


3 NEW MODELS ./ NEW DESIGNS JN 
A’ Battery Eliminators, DC-AC Inverters, Auto R 


ERICAN TELEVISION. 


Close-up view of the “final” in 


the Gonset ‘“Communicator’— 
showing the RCA-2E26. | 


Look at the popular Gonset Communicator, for example. In 
this compact mobile-or-fixed 2-meter station, the RCA-2E26 
delivers a clean signal capable of covering a lot of territory. 


Why do leading amateur and commercial designers 
recommend RCA Power Tubes for top performance? Because: 
(1) High-perveance RCA Tubes deliver the power you need 
—at lower plate voltages, (2) RCA Tubes have enormous 
reserve of cathode emission to supply peak plate-current 
demands, (3) RCA Tubes give you more for your money—in 
life and watts input per dollar. 


RCA Power Tubes—both beam power and triode types—are 


available at your RCA Tube Distributor. Walk in and RCA-2E26 Beam Power Tube. Up to 40 


: ° watts ICAS input on cw: 27 watts phone. 
name your type. For technical data on the 2E26, write fulliinpul Ue EES yeduced input 


RCA, Commercial Engineering, Section G70M, Harrison, N.J. [RRaR Oa ae ante 


services. A 6AG7 drives it; a pair of 
6V6-GT's, or a 6N7, modulates it. 


TUBES FOR AMATEURS 


RADIO CORPORATION OF AMERICA 


